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AN 1 Oiinaes. ‘Meeting of. the Society was held at 7 p.m. on Wednesday, April Ist, 1959, 
meeting room of the Chemical Society, Burlington House, London, ' W.1. Th he Chair 
taken by the President, Mr. R. C. Chirnside, 4 
-The following papers were presented ‘and discussed: ‘A Modified Hydroxamic ‘Acid 
~ Method for the Estimation of Total Esterified Fatty Acids in Plasma,” by D. M. Morgan a ts 
_ and K. J. Kingsbury, M.B., B.S., Ph.D.; “The Determination of Small Amounts of «-Picoline = 
in Pyridine by a Solution Temperature ‘Method, ” by K. A. Adey, B.Sc., F.R.I.C., and J. D. Mm 
Cox, B.Sc., Ph.D., A.R.C.S.; “The Separation of _ Copper, Cobalt and Nickel,” by W. = 
& Duffield ; “The Additive Effect of Substituent Groupings i in the Chromatographic Behaviour 
of Phenoxyacetic Acids,” by Bark, B.Sc., F. R. 1 and J. T, Graham, B. BSc. 


. AN Ordinary Meeting of the Section was held at 7 p.m. on Friday, February 27th, 1959, in the 
Lecture Room of the Royal Society of Edinburgh, 22 George Street, Edinburgh 2. The © 
Chair was taken by the Vice-Chairman of the Section, Mr. A. F. Williams, BSe., FRC. 
— following | paper was presented and discussed: “Recent Advances in the — a 
Plutonium,” by F. J. Woodman, B.Sc., A.R.I.C. 
A JoInT Meeting of ‘the Section with the Bristol Section of the Chemical Society was held a 
_ at 6.30 p.m. on Friday, February 20th, 1959, in the Large Lecture Theatre of the Chemistry im 
_ Department of the University of Bristol. The Chair was taken by the Vice-Chairman of _ 
he Bristol Section, Professor Wilson Baker, M.A., Ph.D., D.Sc., F.R.LC., F.RS. | 
lecture on “Some Aspects of was given by! Professor Sir ‘Alexander 
MA. 


, DSc., F.RS. 
ECTI 


THe fourth Anonal General Meeting of the Section was held at 6.30 p-m. on Tuesday, March es 
8rd, 1959, in the Mason Theatre, The University, Edmund Street, Birmingham 3. | The Chair — t 
_ was taken by the Chairman of the Section, Dr. R. Belcher, F.R.L.C., F.Inst.F. The following 
appointments were made for the ensuing year :- :——Chairman—Dr. H. Jenkins. Vice- an 
| Chairman—Dr. H. C. Smith. _Hon. Secretary—Mr. ( W. Cherry, 48° George Frederick Road, 
F.C. J. Poulton. Hon. 
R. “Adkins. M embers of Committee—Messrs. B. B. Bach, A. S. Beidas, W. 
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of the vas held at 7 p. March , in the 
os Gas Showrooms, Nottingham. — The Chair was taken by the Chairman of the Section, Dr. 
_ The was and discussed : fi robiological of the B 


4 tf ra ae THE Fifteenth Annual General Meeting of the Group was held at 6.45 p.m. on Friday, February 
+ — 20th, 1959, in the School of Pharmacy, 29/39 Brunswick Square, London, W.C.1. The 
Chair was taken by the Chairman of the Group, Mr. D. F. Phillips, F.R.I. C. The following — - 
_ Officers and Committee ‘Members were elected for the forthcoming year :—Chairman—Mr. 2 
of Chemistry, Sir "John "Cass College, Jewry Street, Aldgate, “London, | E.C.3. 
_ Hon. Treasurer—Mr. G Ingram. — Members of Committee—Mr. E. Bishop, Miss M. Corner, 
as ‘Messrs. J. A. Hunter, CAL Johnson, R. Magee and D. F. Phillips. Dr. L. H. N. Cooper 
Mr. H. Childs were re-appointed as Hon. Auditors, 
~ 


= 


_ The Annual General Meeting was preceded at 5.15 p.m. by visits to the microchemistry 


and chemistry laboratories and the microbiological and pharmaceutics laboratories of the 
School of Pharmacy. It was followed at 7 p.m. by an Ordinary Meeting of the Group, at 
; which Mr. D. F. Phillips, F.R.I.C., presented the Retiring Chairman’s Address (see summary — 
The Chair at this was the Chairman of the Group, ‘Mr. 
Mr. D. F. frst a brief glance at the progress of | a 
analysis i in this country over the past quarter of a century, and then focused ion a £ 
On the organic side a fair < amount of attention was being paid to the possibilities of z ' 
. devising methods for the elementary analysis of organic compounds on the decimilligram _ 3 
scale. Considerable difficulties had been encountered, and only in 2 few instances was a 


scaling down of the older procedures possible. In every shift to a smaller scale 


| 


procedures were available elemental sis and for the determination ‘of 
_ functional groups on samples of from 50 to 200 yg. It was gratifying to know that basic a a 
_— into such problems was increasing and that the analyst was endeavouring to 
: — one step ahead of the biochemical and medical research for which such methods _ 
_ were almost certain to be required. In a similar manner the general techniques for the — 
inorganic analysis of microgram quantities had been outlined by Benedetti-Pichler and _ 
refined by his co-workers between the years 1937 and 1940, a period during which their 
_ eventual application to the isolation and study of the first transuranic elements a few 
years later could hardly have been forseen. == 
; ahaa Another trend that organic micro-analysts should watch was the use of radiation 
from artificial isotopes asa a cheap, rapid and simple means for the: routine determination - : 


“by measurement of its absorption of soft X-rays from iron-55 had been in use in a refinery i v. 
the United States of America for more than 5 
4 rele _ Inthe field of inorganic micro-analysis there was, of course, the marked trend towards 
the use of purely physical techniques, and this was bound to increase. Nevertheless 
development of essentially chemical methods was still being actively undertaken, with 
aa approximately 60 per cent. of the interest focused on the use of organic reagents. The 
big progress of microchemical analysis, and, indeed, analytical chemistry as a whole, had to 


‘ig aS depend to a very great extent on the discovery of new reagents, new reactions and new 


ry pie. Drinkwater, W. T. Elwell, W. M. Lewis, Dr. Alison M. G. Macdonald, Messrs. W.I. Stephen | 

a 

) 

aq 

it 
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: Reo tion and on the exchange of gases and vapours through the relatively enlarged liquid—gas | 
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Chromatography, ion exchange and solvent extraction appeared to 
techniques for microchemical separations. Interest in gravimetric methods had 
\ a Although, under especially favourable conditions, as little as 10-% g of anelement had 
, ia been detected, there was still a long way to go before the theoretical ultimate limit of — ee 
detection at somewhere around 10-” g was attained. edt of 
_ ‘The determination of trace constituents at the microgram level did not necessarily _ 
ay always involve the use of true microchemical techniques. — _A problem that sometimes Taig 
Be arose, however, was the determination of traces in milligram amounts of sample. This RS 
B. necessitated the detection and determination of a constituent at the nanogram level. yy 
: ete in the ominous year of 1984, a quarter of a century forward, we should be called 


sixty- “Afth h Ordinary of the held at 6. 30 p p.m. m. on 
24th, 1959, in the meeting room of the Chemical Society, Burlington House, London, W.1. — 
-‘The Chair was taken by the Chairman of the Group, Mr. R. A. C. Isbell, A.Inst.P. _ vee ge 
_ The subject of the meeting was “The Analysis of Intact Samples’ and the following — 
papers were presented and discussed: “The Use of Beta and Gamma Absorption Methods in . 
_ the Analysis of Intact Samples,” by J. F. Cameron, B.Sc.; “The Use of Radioactive Isotopes a 
in Simple X-ray Fluorescent Analysis,” ” by C. E. Mellish, B. A., D.Phil. ; “Analysis by } — 
Magnetic. Resonance Techniques,” D. J. Ferrett, M. A., D.Phil. (see summaries b below). 


Use or BeTA AND GAMMA ABSORPTION METHODS IN THE ANALYSIS OF 2, 


for i) Mr. J. F. CAMERON said that the predominant use of gamma- absorption techniques 
! x: was by employing the Compton scattering process for determining density. This had 2 
the advantage that it provided a non-contact measurement that could be made con- _ 
tinuously through the walls of containers such as pipes or tanks, and was applied, for 
~ example, to petroleum products, ice-cream, acids and slurries of cement, thoria and a 
uranium. The hydrogen to carbon mass ratio of hydrocarbons could be determined. = an 
ats The photoelectric absorption of low-energy photons was a rapidly varying function th a 
of atomic number and hence could be used as an indication of mean atomic number. | 
_ The scope of the technique was severely restricted, first by the lack of radioactive 
——— emitting low-energy photons, and secondly by the absorption of this radiation | oN 
in the container walls. — The concentrations of uranyl sulphate and uranium “pulp” in 
_ aqueous solution and the sulphur and lead concentrations in hydrocarbons could be 
Beta-absorption methods were used in gas analysis and smoke detection. 
= a The accuracy of such measurements was usually limited by the statistical variations 
1 the detector output caused the random “spoke of in the rate of emission of 


THE Use OF RapIoacrive Isorores 1 IN -RAY SIS 


Dr. MELLISH pointed out that for ‘many applications of X-ray 

spectroscopy the full performance of the conventional spectrometer was not required. — 

In these applications it was possible to substitute a small radioactive source (of the order of cal 
_ 1 millicurie) for the X-ray tube, provided that the crystal spectrometer was also dispensed _ 
_ with and resolution of the fluorescent X- -rays produced was performed in a proportion owes 
oF scintillation counter. Results were given of the application of this simple system to P 

such problems as the measurement of metal-plate thickness and of solution strengths. 


| suitability of different isotope sources for different was discussed. 
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J. said that the phenomenon of warlear "magnetic resonance, in 

: Andi which responses could be obtained from nuclei that have spin, offered a technique for 
’ the analysis | of intact samples of solids, liquids and gases. _ Equipment demands were 
rigorous, e.g., magnets with highly uniform fields and electronic circuits with low onl 
— Tevels. _ The information obtained could be both qualitative and quantitative and could | 


_ be used as an aid to the elucidation of the structure of complex organic molecules. __ 


* P., of that town, ‘and he was educated at the Grammar School. He 
then proceeded to the School of the Pharmaceutical Society in London and later he entered 
the University College of Wales at Aberystwyth where he met the fellow-student who later | 


a. became his wife. He obtained the degree of B.Sc. (Wales) in 1910; in the following year he — Tr 
a i. became an Associate of the Institute of Chemistry and in 1914 he was elected a Fellow of the 7 : 

After service in France during the “first World War with the rank of Captain in the 

_ Royal Field Artillery, Evans practised in Liverpool for a number of years, and during that | ™ 

time he was appointed Public Analyst for St. Helens and an Official Analyst under the } National — 5 ” 

_ Health Insurance Act. In 1943 he took up residence in Carmarthen and quickly built up an | : Pr 
~~ “9 extensive private practice there. At the time of his death he was Public Analyst and Official ~ 
‘Agricultural Analyst for the Counties of Carmarthen, Pembroke and Cardigan, and Public § 


Analyst for the Counties of Brecknock and Radnor. He was also Official Analyst under the 


rr _ National Health Service Act for the whole of Wales and the South Western Counties of q 
Evans joined our Society i in 1920. a was a member of Council of the Institute of Chem- . 

* tert during the years 1924-27 and he was a founder member and first Chairman of the Western Ek 
_ Section of the Society for Analytical Chemistry. He contributed two papers to The Analyst, 


the. first in 1936 on “The Estimation of the Original Freezing- point of Sour Milk” and the 3 
_ other in 1956 on “Sucrose Loss from Ice-cream on Storage,” both o of which occasioned much 


_ Outside his professional life, Freemasonry claimed much of his time. He was Senior — gy 
Past Master of the Cambrian Lodge, a founder member of Cleddan Lodge, one of the Senior f 1 : 
of the Hwllfordd Chapter and a Past Provincial Grand Warden. During his { 
_ Liverpool days, Evans was a keen yachtsman and during - years at Carmarthen an en- 4 a 
en Ina letter to the writer, Colonel W. D. Williams, Vice- Lieutenant of Carmarthenshire, | a 


a “Although his academic had long been known, we did not have the 
pleasure of meeting Herbert Evans personally until he came to Carmarthen in 1943. 


_ His general bonhomie soon endeared him to a wide circle of friends. aa 
a As one of his fellow Clubmen recently remarked ‘he was a kind friendly person.’ 
_ A man of upright principles and a devoted Churchman, he will be sadly eee by his | 
_ professional colleagues and his very numerous friends.”’ ; oa 


iT hese words express the feelings of all the members of the Western Section who | knew 
.J.,”’ as he was affectionately known. He will indeed be missed by those who participate 

im this Section’s activities and particularly at our Annual Summer Meeting, which both he | 

and his wife, Mrs. Eveline May Evans, regularly attended. - Their only child, ‘Dr. John 

Evans, B.A., B.M., B.Ch., died in Indiain 1945. 

i, ‘The Society was represented at the funeral by his intimate friend Mr. J. G. Sherratt. 


— ANALYSIS BY NUCLEAR MAGNETIC RESONANCE TECHNIQUES 
 &§ 
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ae one HERBERT JOHN Evans died suddenly at his home in Carmarthen on December 18th, 1958, } * 
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ra-red ‘Analysis of Solid Su ubstances 


ham eviews 
(University of Liége, , Belgium) Wie 


<a Adsorption of substance on ES of dispersing medium 

_ Chemical reaction of substance with medium 


Distortion of the crystalline 


‘THe principles. of the of and solutions by infra- 
; scopy are well established, and the techniques that have to be used are generally well known. 
_ Very early on, infra-red spectroscopists were faced with the problem of finding a method of » 9 
¥ recording solid-phase spectra. The method based on mulling the sample with Nujol, or with | _ 
i : fluorinated or.chlorinated hydrocarbons, has been in use for several years and is still Standard — 
practice for many purposes, such as quantitative analysis and structural diagnosis. 
_ There are, however, some practical difficulties in the use of solid-phase spectra for quanti- 
_ tative analysis: accurate control of sample thickness, reflectivity and scatter is much more 
difficult to achieve than with solutions. The internal-standard method!-? has been used a 
success, and a good accuracy has been attained in the analysis of multicomponent mixtures - 
by combining the internal-standard method with the method of compensated extinctions; — 
however, the method runs Tapidly into some difficulties owing to | Beer’ s law not being applic lice 
, ae The potassium bromide technique, in which the halen: red absorbing solid, finely ground 
and dispersed i in a powdered halide, is pressed into a clear disc, proposed in 1952 by Stimson? © 
and Schiedt,* was received with much enthusiasm; the absence of adsorption bands in the 7 
_ dispersing medium and the possibility of controlling the sample weight accurately are certainly _ ” 
“two important advantages of the disc technique over the mull method. However, I would like 
a draw attention to the difficulties that are encountered, both in general in quantitative — a 
measurements of absorption spectra of solids on the one hand (physical factors), and on the © 


other hand, t to the difficulties that arise se through the use of alkali halide discs ‘Ss (the chemical — ‘* | 


. _ Every infra-red spectroscopist knows that, beside pebitvechiens and orientation effects, 
the two main physical factors that play important roles in infra-red spectra of solids are the be 
tesa of the individual absorbing particles and the difference in refractive index between 
the absorbing persion medium (Nujol, potassium bromide and so on). Bac 
= The influence of the dimensions of the individual absorbing particles is illustrated > = 

_ by Fig. 1, which shows two absorption bands for calcite dispersed in potassium bromide. 

_ As the diameter of the calcite particles decreases from 55 to 2-1 yw, there is a progressive 
reduction of light loss by reflection and scattering and an increase in the intensity of the 
absorption bands; notice that the last increase in a on intense 
at 876 cm- 

2, which ine the ou of 


- poly(vinyl chloride) dispersed i in three alkali halides, potassium bromide, chloride and iodide. 
at the meeting ot the Midlands Section on Thursday, November 13th, 

of this paper will be available shortly. For 
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HE INFRA- RED ANALYSIS 


ea: ial 1. Absorption bands of calcite in potassium bromide. Mean values for the diameters of the , 
rticl 55 b) 40 23 5 p; 2-1 fter Duyckaerts and Le 
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_ Fig. 2. Infra-red spectra of poly(vinyl chloride) dispersed in potassium chloride (dashes), 40 


“potassium line) and potassium bromide (fall line) (after Stewart and Achhammer®) 
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sample pellets were of good quality and compensation was applied to eliminate the effects of 
impurities in the individual salts ; spectra of equal quality should have been obtained ifit were 
not necessary to achieve a match of refractive indices between the relatively large —— Re . 
particles and the suspending medium. 
___ The refractive indices of the alkali halides are shown in Fig. 2: poly (vinyl chloride) has a 
refractive index, mp) = 1-548 , which is similar to the value of 1-56 for potassium bromide; 
this indicates that the match is better with potassium bromide than with the iodide or the - -_ Baar 
chloride in the visible region, and the infra-red results shown in Fig. 2 indicate that the same 
_ The rapid change in refractive index of a substance in the vicinity of an absorption band | 
an gives rise to the important Christiansen effect, characterised by the asymmetrical — 
shape of the band®; for example, the band at 7 » in potassium chloride (Fig. 2). Fig. .4 shows © _ 
| the C=N absorption band for cobalt mercury thiocyanate when the substance is suspended 
| in media of various refractive indices (potassium and sodium chlorides, potassium bromide — 
_and potassium iodide). The extinctions have been calculated by the base-line method, and 
one can see that for potassium iodide the shape of the band is nearly symmetrical, whereas 
| “for the three other media, there is a pronounced Christiansen effect. As predicted in theory : 
_and confirmed experimentally, the importance of the Christiansen effect decreases with the 
‘ginding 8 of the particles, owing to the reduction of loss by scattering. In this example, 


» 


grinding the substance finely with potassium bromide leads to the production of a spectrum 
: It is also of value to point out that the Christiansen effect gives rise to a shift in the a 
BH 4: maximum of the band, which in this — moves = about 50 cm; this must 


inv the last few years, several ly both from theoretical and 
} experimental points of The potassium bromide disc technique 
4 offered the possibility of more precise quantitative measurements and of changing | the refrac- 


tive index of the suspending medium.. Fig. 5 shows the results obtained for four bands— — 
— 1431, 876, 710 and 320 cm-!—for calcite; the feat three were recorded with a sodium chloride - 
_ prism, “the last with a caesium bromide prism. This figure also shows that for particles 
having a diameter greater than 15 p, the apparent extinction is the same for the four bands — 
} independently of the value of the true extinction coefficient ; this means that in a spectrum of a 
_ coarsely ground powder the bands are all of approximately the same intensity. _ On the other 7 
_ hand, when the dimensions of the particles are reduced to below 10 y, the apparent extinction — 
"starts to increase rapidly, and the limiting value, corresponding to ‘the true extinction of the ==> 
solid substance, is reached with a particle size that gets smaller as the intensity of the band — 
_ It is possible, by a a simple > calculation, to explain this influence of the particle. size on aie. Bea 
extinction of an absorption band for the case where there is no difference in refractive index . 
and where all the particles have the same dimensions. = | 
Let us consider a mass, m, of spherical particles of diameter d randomly in a 
disc of potassium bromide of cross-sectional area S and length 1. The disc may be considered 
to consist of a number of layers, the number, ”, being chosen in such a way that the number of - 
particles in each layer is the same and that a ray of light never hits more than one westhdie 3 
‘in each layer. With K representing, in each layer, the geometrical fraction of the surface 
normal to the incident light that is covered by the ashe the fractional transmission for a F 
layer i is given by the owing expression— 


in which 0 is s the transmission of one particle. 
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Foils Absorption band due to C= N it in cobalt 
_ CofHg(CNS),), dispersed in 
potassium iodide (full line), potassium bromide (dotted _ X; 
“wh a sodium chloride (dashes) and potassium chlorid 
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5. at four wavebands for calcite related to 


particle size. The lines are the theoretical curves. 


values as asfollows— 
A k = 35 
876cm-? k = 0-99(5) po 
= = 0-29(3) 
 820cm™ k = 204 
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oOo 
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SOLID SUBSTANCES 


, K,d and th oft the 


» being ‘tin density of the substance. F (2) and (3), one obtains— 


* 
On the other hand, the value of @ can be calculated for a lie as— 


where kis the true of the solid substance (i = 


“al equation similar to that for Beer’s law Fr /Sp corresponds to cl; k/2-3 corresponds to €). was 
Fig. 6 shows the theoretical expression plotted on a semi-logarithmic scale for the example 
where K = 0-8 and for two bands with k = 0-6 1 pes have been 


08 


6. Theoretical variation n of extinction with et Be 
Carves K=08, k= 10 0- 


‘Full line for cubes, dotted line for ‘spheres ae 


gai 


an vion ‘containing onl K ond hd (Fig. 1). 


‘| The following relation existe bet 
ic 
4 
q 
i 
| | 
A 
absorption coefficient, = into equation (4) the apparent 
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road ‘Fig. Comparison of experimental results for calcite 


= 


theoretical curves. Curve A, Otvis, Stone and. Harp’s formula! 
for spheres; curve B, Duyckaerts’ formula for spheres; curve C, 
-Duyckaerts’ formula for cubes. Experimental points: O 
—:14381cm™; = 876cm™; A = 710cm; @ = 320cm™ 


8. Calibration graph for the 


ls 


determination of B-hexachlorocyclohexane fi 


; Calibration graph for calcite 
= ows arinisins moitenps 


For high ‘values: of K (concentrated dispersion), the. 


tk 
‘7 This formula was obtained by Otvis, Stone and Harp” ir in a more ‘rigorous | way. he 
Now, let us compare the experimental results obtained for calcite with these formulae; 
the results obtained for the four bands have been transformed in (ka/k), and it is seen that — 
_all the experimental points lie between two theoretical curves, one corresponding to K = 0:8 
and one corresponding to K < 0-1. In fact, the experimental results agree remarkably w all 
with the “theoretical curve to but this: is 


the analytical point of view, the foregoing calculation shows first that. the 
: apparent extinction is proportional to the amount of substance per sq. cm, (m/pS), a 

= - this has been confirmed by experiment (Figs. 8 and 9). : 

thw the number « of particles is sufficiently high. 

jor 

to a very great extent on the dimensions of the to 
q _ that the limiting value of the extinction is practically attained (to within 1 per cent.) when 
: kd < 0-065; this requires, for an intense band, particles whose diameters are below 0-1 p. — 


Such a fine dispersion is often impossible to achieve in practice, and in analytical problems — 
“one i is usually compelled ie devise methods of dispersion that can be relied - to ai —. 


From the of view of reproducibility and in the — sis 
- solid substances, the potassium bromide pellet technique is often better than the sol 
“method; however, the act of dispersing a substance in an alkali halide can sometimes produce aa, 
chemical and physico-chemical interaction between the substance and the dispersing medium, 


ranging from simple adsorption to a purely chemical reaction that sometimes considerably 
“alters the spectrum. This point is illustrated by the following examples. 


_ Apsorrrion OF THE SUBSTANCE ON PARTICLES OF THE DISPERSING MEDIUM 


we Farmer’? observed changes in | the spectra of phenols and organic acids induced by 


- grinding with alkali halides; benzoic acid, for example (Fig. 10), showed a change from the 7 


& SS obtained in Nujol that depended very much on the nature of the alkali used: in on 

3 potassium iodide the spectrum is, as in Nujol, essentially that of the normal dimeric crystalline _ 

i” form, whereas in potassium bromide, potassium chloride and sodium chloride there are pro- 
ih _ gressive changes. It is noteworthy ‘that the two last- named spectra were recorded with a 

; 5 sample that, after grinding, had been heated at 80" C for 2 2 hours before being pressed i in 
* | Adal spectrum recorded in sodium chloride is closely analogous to that of benzoic acid ee] 


readily with solvent molecules than with their own species. _ This strongly suggests that the 


‘spectrum recorded with the sodium chloride disc must be ascribed to monomeric molecules _ 
of benzoic acid that have been adsorbed on the sodium chloride particles, probably being — 
j linked by hydrogen bonds between the hydroxyl groups and the chioside 3 ions on the cry ystal 
4 _ This interpretation has been proposed by Farmer on the basis of a detailed study of the 
_ individual spectra: for example, the strong band of the dimer at 7-73 4 due to the coupled — 
Co stretching a and | OH planar deformation v vibrations is to longer | 


4 : in dioxan solution when carboxylic acids are present as monomers, as they associate more Pcie 


e shown in Fig. 7 changes with 
) becomes independent of K; 
- _ expanding the equation in a Maclaurin series, one gets, for smal] values of oT _ 
| 
| 
2 
| 
Py 
| 
ij 
} 
| | 
| 
= | 
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the order: chloride; iodide, in iodide, it lies close to the | corres- tt 
_ ponding bands for the free monomer near 8-20 #, which can be explained by the weakening 3 fo 

Dimer KCl ig KBr Monomer Dioxan solution fo 

I must add that Tolk and van der “Molen*® observed t of benzoic acid in 
potassium chloride (or bromide or iodide) changes with time: when recorded a | g a 
after pressing, the results that they obtained were the same as Farmer’s, but after 3 days, | ;, 
— sample recovered and the spectrum was again that of the dimer; the recovery is more — ti 

hy 


in potassium bromide and potassium iodide than in potassium chloride. 
‘Ben _ Finally, Karagounis and Peter!” obtained results rather similar to Farmer’s by using | 
—— the following technique: benzoic acid dissolved in ether was mixed with finely powdered — 
____ silver iodide ; after evaporating the ether, the substance was heated for some time at a tempera- _ 
: ‘ ture a little above that required to fuse the substance and was then pressed into a pellet (Fig. 


_ Although for ' quantities of benzoic acid sufficient to give more than one layer, they 
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aa 11 er of yenente acid on silver iodide: curve A, solid benzoic ‘acid; curve B, 3 x 10-3; 


curve C, 1 x 10-*; curve D, 4 x 10-*; curve E, 2 x 10-‘; curve F, 1 x 10-* g of benzoic acid per -. 


obtained the of dimer , they « observed, reducing the of benzoic acid, 

7 that certain bands disappeared more rapidly | than others and that some new bands appeared. a 
‘Their observations agree in general with Farmer’s, but Karagounis and Peter are of the opinion - 

a ‘that the changes observed in the spectrum of benzoic acid are due to the polarisation of the 


_ dimer molecules adsorbed on the surface of the crystal by the electric field of the ions. = 


REACTION BETWEEN THE SUBSTANCE AND THE ALKALI HALIDE— 

| ___ The close contact during grinding, vibrating and pressing between the dispersing medium > 

@ : and a substance with an ionic character (salt or acid) may give rise at the surface to an ion- 


20 hours leads to the transformation of the acid into potassium benzoate. 

é | a _ Heating the mixture for 2 hours in a closed vessel also produces a certain amount of benzoate. 7 

> We observed this phenomenon even better in the course : of a study of the infra-red spectra 
of aminosulphonic derivatives of naphthalene; the reaction was especially pronounced in the 

_ case of 2-aminonaphthalene-7-sulphonic acid (Fig. 12). The spectra of the acid in Nujol and 
= potassium bromide prepared by mixing for a short time are identical, ree bases wacaicuaa” > oe 


tion reveals the zwitterion structure of substance— 
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5 for example, will promote the completion of the reaction. = j= | | 
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od Yo ig nterpretation o spectra to show zwitterion stucture 


should be added that the aminosulphonic may cry stallise with one 
of water, and this makes some changes in the infra-red spectrum; e. g., splitting of the NH,+ ! 
band near 2500 cm-1, shifting of the v(SO,-) bands and introduction of new bands in the 
region of the deformation vibration of NH,*+. 
Now, by extended grinding of the acid with potassium ‘bromide one produces, , and can 
a observe by studying the spectrum, a progressive hydration of the acid and the beginning of 
the ion-exchange reaction; bands near 3400, 100 and 1205 cm! appear, indicating the 
- formation of NH,. The splitting of the 2600 cm-! band and the appearance os bands at 


It is well known that significant differences exist between the ‘Spectra “ot polymorphic 
“forms of the same compound; grinding or pelleting may promote a _polymorphic transition 
to a more stable state. Farmer observed that the grinding of the 8 form of cinnamic acid 

with potassium iodide gave the « form; even vibrating for 1 minute is sufficient to produce 

a ‘spectrum in which the transition is "demonstrable, and the transition is complete after 

__ Baker’ gives a "good ‘example of polymorphism for a-naphthalene acetamide. ‘He 
sve that structure I of the substance (typified by the spectrum in Nujol) is progressively - 
conv erted into structure II with increasing time of grinding: grinding for 10 seconds with 

= potassium iodide in a vibrator is sufficient to produce some transformation ; after 120 seconds, 
co... conversion is complete. The same spectrum of structure II could be obtained td re- 4 
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et ‘Fig. 13. Polymorphism of a- naphthalene a spectra of samples (a) in 
(8) ground for 10 seconds with potassium iodide, and ground with potassium bromide for ab. 


| 20 (a) (e) ) 90 si seconds and (f) 120 (after er Baker!) 
)  Ketelaar, Haas and van 1 der ‘Elsken® have rec recorded the s} spectra of various bifluorides in 
alkali halide discs and compared them with the spectra recorded for the corresponding sub- 3 a 
‘stances i in Nujol. The bifluoride ion, HF,-, gives rise to two vibrations in the infra-red region; _ 
the antisymmetric, stretching vibration, v;, near 1500 cm~! and the deformation vibration, id 
YW near 1200 cm~?; in Nujol mull, v, gives rise to a very broad band between 1400 and 1600 — 
cm~. _ They observed in the spectra of the discs not only a sharpening of the bands but also 
a shift, which can be very apeener ey (vs for potassium bifluoride is at 1455 cm~ in Nujol, 


‘Sodium biuoride 1212 (M) 
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|  *Verybroad. (M) = Mixed crystals. 
"(Faken from Ketelaar, | 


| DUYCKAERTS: THE INFR 
3 ‘The fa ct that ‘the three een give the same s same spectrum in n potassium chloride can be 


interpreted | by assuming the formation of mixed crystals. The same holds true for potassium 


and sodium bifluorides in potassium bromide; for sodium bifluoride in potassium bromide 
$ the bands are double, one of each doublet being identical with a band for potassium bifluoride 
in potassium bromide, the other with a band for sodium bifluoride in Nujol; this suggests | 
_ that sodium bifluoride only partly forms mixed crystals. The spectrum of potassium bifluoride 
ec in sodium bromide exemplifies yet another possibility : part of the potassium bifluoride forms 
_ mixed crystals with the sodium bromide and the rest of it is converted to sodium bifluoride. 
_ These workers have shown that the - of the band for the i ion in the solid matrix halide 
We have observed a similar phenomenon with potassium cyanide. _ Although in Nujol 
; "4 _ C=N band appears at 2092 cm-', in alkali halides the band is seen to be —_ es new 
near 2050 cm~ having a frequency on the alkali halide used— 
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Frequency | (v), 


Grinding or vibrating the sample i in order to obtain acceptable 
of the dispersion in the pellet will eventually remove all indication of the original structure | _ ‘ 


_ and produce spectra nearly identical with those of liquids. Fig. 14 shows the example of 
e _benzil given by Baker.” The first spectrum, a—identical with that in Nujol—was obtained | 


prepared from cold potassium bromide i in exactly the same way, has a completely different 
4 band structure and is markedly similar to the spectrum from a 5 per cent. solution in carbon 

disulphide (spectrum d) ; this means that the particles in pellet 6 are in an amorphous state. 
_ Pellet ¢ was prepared from cold potassium bromide by using a plastic ham hammer rod, and tl the 
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14. Distortion of the crystalline structure of benzil: 

ia spectra of samples (a) vibrated for 2 minutes with hot potassium __ 

sis (6) vibrated with a steel rod for 2 minutes with cold 

potassium bromide and (c) vibrated with a plastic rod for 
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OF SOLID SUBSTANCES 


z It is easy to see that the factors that play a role in crystal distortion during a Se 
} mixing with the dispersing medium and pelleting, and hence affect the spectrum, are: the | 
crystal energy of the substance, the total energy used in grinding, the lattice energy of the a8 

_ matrix and the temperature. Stress relaxation, which is shown by a return from a spectrum son 
_ characteristic of a “liquid” to one characteristic of the crystalline state, is frequently observed _ 
r as the pellet ages; for substances having a high crystal energy, recrystallisation will proceed & 
. rapidly, being so fast in some compounds as to be difficult to. observe; for low crystal energies, _ 
substance may remain unchanged for a considerable time. "Similar changes can be brought 
| about in a shorter time by heating the —, in a vac eal oven at a temperature below the 
a _ Although the spectra of thiourea in Nujol and in sodium chloride on are identical, ps } 


~ Stewart®! observed that those obtained in caesium bromide, potassium iodide and potassium 
(and differ somewhat each other and differ from those 


— 


various alkali ‘halides (after 


introduced into the thiourea lattice, the molecular vibrations and 
the four-fold degeneracy of the unit cell. The explanation of complex formation between _ 
thiourea and some alkali halides was proposed by Stewart on the basis of the “se 


Rosenheim and Loewenstamm™ have given evidence of the interaction of 
thiourea with potassium iodide, caesium bromide, sodium bromide, potassium bromide 


ts: and sodium iodide in aqueous solution; analysis of the “crystals formed in -alcoholc 


— _ (6) When thiourea and the alkali halide were crystallized from solutions in | water 


: “oa The X-ray diffraction pattern obtained for a powdered sample of the potassium — 


bromide - thiourea compnex. shows new lines in addition to those of unreacted thiourea 


eit (d) The formation, in the pellet technique, of complexes between the solid 
halide and thiourea is observed only with the weaker lattices (potassium bromide and 
iodide and caesium bromide) and not with sodium bromide and iodide, and, further, 
eaction place or the grinding b but the pelleting 
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TICAL EE: NOTES 
_ ism of lattice rupture followed by rapid diffusion is involved. In fact, Bridgman* has 
= 3a found a polymorphic transition in thiourea at room temperature for a pressure lying — 
rT. ze _ in the range encountered in pellet asian it is well known that the rate of 


_ je aia was introduced in 1952 to the field of infra-red spectroscopy, it was received E 
_ with considerable enthusiasm: it solved a number of difficult sampling problems and gave 
_ promise of being suitable for quantitative analysis ; it seems now, after several years’ experience, — 
that there are some occoatens vows ve difficulties arise that must not be under-estimated. 
of 
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3 “Acid and its’ Handi 


oe _ THE Analytical Methods Committee has received the following report from its Metallic 
Impurities in Organic Matter Sub-Committee. The Report has been approved by the 
te _ Analytical Methods Committee and its publication has been authorised by the Council. 


| 


When the Metallic Impurities in Organic Matter ‘Sub- Committee was re- organised i in 1955, 
$ it was realised that one of its first duties would be the recommendation of different methods _ 
es ¢ for the destruction of organic matter. It was immediately apparent that the use of perchloric 
acid is becoming increasingly important, but that it has been neglected in many chemical 
laboratories owing to common misconceptions about the hazards attendant on its use. q 
Smith? has stated, and many chemists agree, that perchloric acid can be used with safety, so 
long as the user possesses a knowledge of its properties and applies the simple precautions 
that are appropriate. Much is now known of the and 


q 
an 
be 
— 
| 
‘fla 
7 
4 fo 
ow 
a 
— 
at 
| q 
; 
a 
| 
| 
4 
3 
; 
| 


Rw 


> 


in the joints over to the benches and may ‘at some future time 
— heated and ignite. They should stand in glass or porcelain dishes or on ceramic 


- and ‘the f following notes have b 
__ the construction and care of fume cupboards in which the acid is pea 


| sas 


PROPERTIES AND USES OF PERCHLORIC ACID 
- ea, Perchloric acid is completely stable under | ordinary storage conditions in concentra- 
tions of less than 85 per cent . The concentrations normally supplied are 60 and 72 per cent. an 
. The. azeotropic ‘mixture with water contains 72-5 per cent. of perchloric acid and 
boils at 203° C at 760 mm pressure, so that the evaporation of an aqueous solution of per- 
-chloric acid can never produce an acid of dangerously high concentration. If, howev o,. 
“metallic salts are present, the mixture should not be evaporated to dryness over an open 


-Perchloric acid vapour r and inflammable gas gases form violently mixtures, an 


4. Hot 60 to 72 per cent. perchloric acid is a powerful oxidising agent and oxidises all 
forms of organic matter, but it loses its oxidising properties entirely when cooled and diluted — 

with water. The constitution and properties of any material must be taken into consideration i 
before treatment with perchloric acid, whether the material be vegetable or animal matter or _ 


| a pure chemical. Generally, the speed of the reaction can be readily controlled, but samples — 


containing alcohol, glycerol or other substances that form esters should not be heated with» t 
4 ‘perchloric acid or perchloric acid mixtures, except under previously well tried conditions. ie 
- § When permissible, nitric acid should be present during an oxidation by perchloric 
acid; if possible i it should be added before the perchloric acid and definitely t before evaporation 
to fumes. The effect of nitric acid is to moderate the reaction by oxidising the more reactive 
en at lower temperatures. It should be remembered, however, that heterocyclic 3 
q substances containing nitrogen are as a rule not readily oxidised by nitric acid, and the possi- — 
_ bility of delayed reactions should not be overlooked; other procedures are necessary for their — 
ec. 6. Some’ inorganic materials, such as hypophosphites and tervalent antimony com- 
q pounds, also tend to form explosive mixtures with perchloric acid when hot. A large excess” oy 
of nitric acid should always be present when oxidising inorganic salts. “ahahaha Soran 


7, Perchloric acid should not normally be used for oxidising organic materials with © 
which it is highly reactive but immiscible, as the reaction is localised in the zone of contact. 
j It should therefore not be used for oxidising materials containing much fat until any excess — 


a may rise dangerously. — “The oxidation of other substances, such as sulphur, is, however, _ 


8. When acid is used as a agen 


of fat has been removed, since local over- heating cannot be controlled and the _ cndl 


t, as, for example, in the deter- 
washed 


_ STORAGE AND HANDLING OF PERCHLORIC ACID. 

Perchloric acid is should be stored, in glass- bottles. To 


or other non-inflammable and non-absorbent benches, preferably i in such a poeition that the L 


acid can easily be washed away in the event of breakage or spillage. 


«WL. Any acid spilled should be diluted with water. Swabs used to wipe it up should 

be, if possible, of wool waste or some other non-inflammable material and not of cotton- -wool 
aes oe acid that has become discoloured should be — with water and washed és 
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; AYTOUN, DUNN AND SEILER: A BIOLOGICAL ASSAY 


‘fan The use e of fume cupboards constructed entirely of non- inflammable materials has been | 
* recommended, and instances have been quoted of wooden fume cupboards taking fire after a 

if th “h long period of use with perchloric acid. On the other hand, many wooden-framed fume cup- . 
eae boards have been in use for perchloric acid evaporation over a period of years without any 


untoward consequences. The hazard of using wooden fume cupboards will depend 


the exposure of the wood to fumes from n digestion 


tna a known instance of conflagration, the through- put of perchloric sta was high ails the 
fume cupboard was constructed of unprotected soft wood, which was subjected to. considerable _ 


It is ‘suggested that, when a wooden-framed fume ne cupboard is is used— fees 3 


_ (b) The cupboard should have an efficient draught to prevent condensation of the at i 


 (c) The fans should be left on for a while after digestions have been completed i in order 


as — d) The w woodwork should be washed down with water at ‘frequent intervals and should 


wood should be examined occasionally. A splinter placed on a -plate will 


vow indicate whether or not the wood has become unduly inflammable. — 


ak a satisfactory hood can be constructed from. epoxy-resin - glass fibre laminates, but before 
Ae any particular material is used a small fragment should be treated with hot perchloric acid 
its resistant properties confirmed. 
Asbestos cement or vitreous Provide the most material for th the bases of fume 


_- Dirt and dust must not be allowed to accumulate i in fume ie ding a or fume ducts used 


for acid. A fume cupboard in| in which perchloric a acid is used be 


ye Readily oxidisable cements, ‘such as with litharge and glyc cerine, not 


‘used to seal cracks in fume cupboards. _ Pastes of Alundum cement and sodium silicate or 


Ss. AYTOUN, A. T. DUNN AND D. A. L. SEILER 


‘(Glaxo Laboratories Park, Stoke. Poges, Bucks. 


‘convenient laboratory ‘method for the quantitative ay of 


ae 


for the. biological assay “of the gibberellins reported i in the fall into two 


groups, both involving shoot extension, to measure the amount present. In the first group, 
are with gibberellin and their shoot extensions are 


| 


BOARDS 
with 
met 
| incr 
| 
repl 
| cons 
‘rate 
| gl 
Suc 
“sue 
see 
be 
| Th 
Ne 
im 
a 
fo 
th 
aq Ww 
 g 
x 
ag 
_¢ 4 t 


ITH RICE ‘SEEDLING 


with those of controls supplied with standard solutions. The second group taitindine those 
methods i in which selected sections of the plant shoot are detached and treated in vitro, the 4 
In general, , methods with the whole plan nt}.2,3,4 are the more accurate. Owing: to th 

replication of plants necessary to attain this accuracy, however, these methods require 
considerable greenhouse space and also the lapse of sufficient time for the gibberellin to show a 
__ The methods with detached sections of plant®.* can be carried out in the laboratory in 

a shorter time, but are not so accurate. 
With the increasing experimental use of gibberellic acid, the need has arisen for an accu- 

rate quantitative assay by which residues in food may be determined. (Methods for extracting a 
gibberellin A?.* and gibberellic acid like substances*.® from plants have been described.) © 

Such an assay should be capable of dealing with large numbers of samples a and of being carried 4 

out in the laboratory and completed in 2 or 3 days. = 
The search for a suitable method included the consideration of several species | 

varieties of plants, mainly cereals, and also certain secondary properties of gibberellic acid, q 

such as its ability to by-pass the light requirement for germination in certain varieties of 

lettuce seed. It was found that in the variety “Trocadero” a strong tendency for light | 

fia peony existed in fresh seed (germination being 6 to 10 per cent. in darkness and 


variety of rice in all these experiments, ‘ ‘was obtained from Italy. 

_ No claim is made that this is the best variety to ‘use, and ilies varieties may indeed give 
improved results, but this one was found satisfactory. 
All these experiments were carried out with gibberellic acid, but the method could 


_ The most convenient method of applying gibberellic 2 acid to young | rice seedlings was 
- found to be by the root, and the assay method described was devised with this treatment. , 
7 -S _ Preliminary work on assays with rice seedlings showed that much of the accuracy of © 
the test depends ¢ on the size of the seedlings when first treated; it was found that the ideal Y's 
Seedling size was 2 to 5mm for the -coleoptile and 10 to 15 mm for the root (see p. 220, notes on e, a 
_ experiment No. 6). To obtain approximately 25 per cent. of ideal-sized seedlings, rice seeds 
_ were soaked for 6 to 8 hours in tap-water before placing them in Petri dishes containing acid- 
treated sterile sand saturated with tap-water. The seeds were embedded in the sand, so that — 
& coleoptile emerged on the upper side of the seed. The prepared Petri dishes were incu- 
bated for 72 hours at 28°C. Other temperatures were tried, but all resulted in rather fewer _ 
Various methods were tried to ensure that the seedlings remained upright | the 
| ~ test, including the use of waxed cardboard moulded with grooves to hold the seedlings in 
position and punched with holes that allowed the roots of the seedlings to dip into the treat- . 
- ment solution in a Petri dish below the cardboard. This method proved unsatisfactory, 
as the wax tended to soften during incubation and a considerable amount of “‘run over’”’ 
i of solution was encountered. Because of this, the apparatus described below was devised ; 
_ it proved to be much more satisfactory in practice and was adopted in all further tests. It Fs 
consisted of a rectangular glass vessel (85cm x 2cm internal dimensions) over 
« which was fitted a cover of stiff aluminium foil (gauge 3/1999 oo inch) moulded with a trough i 
| running along the middle, parallel with and equidistant from the longer Sides of the vessel. 
} Six holes, 4 mm in diameter, were punched in the base of this trough. The depth and breadth - 
_ of the trough and the size of the holes (all 4 mm) were just sufficient to allow the rice — 
} to stand upright with roots through the holes and coleoptile above the level of the sides of | 
§ the trough. To each dish 8 ml of test solution were added, this being sufficient to immerse — 
a Sey ‘the roots of the seedlings without undue risk of spilling. _ As a safeguard against | . 
any “run over” of solution during the test, a film of petroleum jelly \ was spread on the upper — 
of them with the sluminium- foil covers. 
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dishes were inf tei a in a polythene 
humidity chamber, which maintained the humidity at above 90 per cent., and incubated 
at 29° to 30°C with illumination of 6 foot-candles for 72 hours. Readings of the shoot 
bs height * were taken after incubation for 24, 48 and 72 hours. All seedlings showing abnormal 
ie ns growth, due either to fungal attack or deformity, were removed before taking readings. | 
Be “ea The low level of illumination previously mentioned calls for further explanation. During } ;; 

_ the early experiments, the maximum illumination attainable within the humidity chamber 7 


eS in a temperature-controlled room was 6 foot- candles. For consistency, the remaining experi- 
ments were carried out under the same conditions, but some were carried out at 16 and 35_ 
ou foot-candles. The results suggested that at least as good and possibly better assays: could 
_ be obtained by i increasing the illumination, ; 
test dilutions of gibberellic acid were with tap-water. 


Experiments were carried out to find the most ad apparatus and for 


in experiments 1 and 2 is the mean of 2 

€ q 

result in experiments: 4, 5a and 6 is the mean of 6 determinations | 
berellic 24-hour 48-hour 72- hour 24-hour rhour 72-hour 24-hour 48-hour 72-hour 
acid dose, reading, "reading, reading, Teading, reading, reading, reading, 


Experiment N No. 1— Experiment No. 2— Experiment No. 


9-70 26-20 8485 8-60 3735 20-84 43-53 

10 980 8 3905 = 86905 400 10: 93 27-06 581 

2-0 960 27-40 46-95 3 

50 8 8205 25:15 4365 11 29- 63:38 

65 47-85 1110 27-41 56: 

4 Experiment No. = Experiment No. 6 (small 


No. 


No. 6 (medium seedlings) Experiment No. 6 (large 
49-08 13-58 33-62 57: 37 ‘Te 908 29-00 
98 940 30-06 53:30 


13:52 35-6065 10-1019 3235 87-48 
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= and a suitable response for acid concentrations: 

__ During these early experiments a choice was made as to sii of the three readings f 
at 24 hours, 48 hours and 72 hours), or which combination of them, gave the most informa- , 
ton; the original readings, their logarithms, differences between the readings and sums i a4 
fi them were all studied. The criteria adopted in making this choice were (a) that there should 

be no significant departure from linearity in the mid-range of doses chosen from the oo ll ' 
and (b) that the highest slope to error ratio should be sought. _ By these criteria, the best — 

| choice was either the 72-hour reading or the 72-hour reading minus the 24-hour reading. oa 
As these were equally inf informative, the former was chosen for conv yenience. _ Although sub- 


sequent comments refer specifically to the 72-hour tending, they are usually applicable to the 


4 _ Experiments Nos. 3, 4, 5, 6 and 7 ‘were nee out with aluminium-foil holders and 
were designed to supplement the earlier results by determining more precisely the nature of 
| the dose - response relationship. Experiment No. 3, in which replication was increased, con-_ 
firmed the linear response between 0-1 and 5-0 pg of gibberellic acid per ml, but the value for — 
10 yg per ml was considerably lower than that for5 wg perml. 


_ _In experiment No. 4 the value for 4 ug per ml, although not departing significantly from a 
| linearity, was somewhat high. This led to an examination of the effect of seedling sizeon 
| response, and the result suggested that seedling allocation had not been completely random. PA 
_ Experiment No. 5 was conducted as a trial assay, and great care was taken over the _ 
i selection of seedlings. Three samples of crystalline gibberellic acid were weighed out, one — 
| being used as a standard, the others as “unknowns.” The potency of unknown A was — 
| 120 per cent. of the standard and that of unknown B was 80 per cent.; the levels of each | 
4 used were 0-5, 1-0 and 2-0 wg per ml. Positional effects were examined i in two 3 X 3 Latin 
s squares, each plot being split into 3 sub-plots, 2 degrees of freedom for interaction a 
confounded in each square, this being the most suitable design for nine treatments in the 
: laboratory space available. For potency estimation, within-plot information only was used. _ 
_ The three samples gave parallel linear responses. Table II shows the totals of the six deter- oe. 
_minations of the 72-hour heights for each nine samples. complete = 


Ti OTALS (USED IN (CALCULATION OF POTENCY 
eyes 


result is the total of s Six x determinations 

— (0-5 pg per ml), (1-0 wg per ml), (2 0 pg per ml), ‘Total, 


a The potency, P, of the unknowns tested at eee: dose-levels and dilution. rati 


A 
= 100 x antilog -60206 x (Mean response of unknown — Mean response of 


at high dose-level — — Mean at low dose-level) 


} Ast the replication on on substances | and doses is the same, 18, totals « can be substituted 


= 100 x antilog | 060208 (94 ‘1 — 982 8] 
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|| __ Experiments Nos. 1 and 2, in which a waxed-cardboard holder was used, suggested ss 
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he coe efficient of variation of potency of such an assay ee. 


With equal re) thy on levels and a dilution ra ratio of 2, this gives a coefficient 
q Pp 


In experiment No.5 5 the coefficient of is 9. 


_ Experiment No. 7, if designed as an assay, would } have given a Coefficient of ol 
Experiment No. 6 was designed to investigate the response given by small, medium ~ 
“and large seedlings grown in separate dishes. — The small seedlings gave significant curvature — 

% and d were not used in subsequent work. It was decided also to exclude the] large seedlings, as 

Ai 2 a y in their allocation ‘could introduce considerable bias. As a result of this 
experiment the ideal size of seedlings previously mentioned was fixed. 
_ _Experiment No. 7 was carried out several months after the beginning of this work: to 
A establish whether or not the seed sample had altered physiologically with time and had 
thereby perhaps affected the dose - response relationship. No significant departure fi from 


___ linearity could be detected in the range 0-25 to 8-0 ug of gibberellic acid per ml. 


The biological assay of a plant growth- substance, gibberellic acid, 
“A involves certain problems that affect other types of biological assay to a lesser extent. These 
a. _ were considered in the choice and development of the assay at and in the interpretation of 


As Brian, Elson, Hemming and Radley™ have shown that gibberellic acid has no effect — 

ss OM. Miicro- -organisms of various types, the test organism was looked for among higher plants, 7 

4 where the main biological action of interest lies. Whereas strains of micro-organisms can t 
me _ be maintained in a constant condition with relative ease, it is more difficult to do this with 


a plants. _ Further, individual variation cannot be ignored, as it can in assays with micro-_ , | 


organisms in which a large number of individuals are present. i 


- the maturity of seeds within a batch and physiological changes with time often leading to 


Such difficulties become obvious when percentage germination is the response measured, 7 


increase in variability. _ These facts precluded the use of lettuce seed for a gibberellic acid 
assay (see p. 217). By using shoot extension of a higher plant, some of these difficulties 
-. can be overcome, provided that careful initial selection of seedlings is made. The control | 
é ¢ humidity, light ¢ and temperature presents little difficulty when the assay organism is is small. 


ae = Shoot height, chosen as the response, is liable to anomalous results, which can be 

2 minimised by initial selection. Other anomalous values can be eliminated only when the 

- cause is obvious, such as diseased seedlings or drying-out of dishes. In addition, if the 
= iY variation within dishes is shown to be reasonably uniform, outliers can be shown up by a 
ae statistical test such as that described by Dixon,” which must be e applied to the \ whole of the 
= not merely to selected results. woltten 

aj oe A range of doses was chosen within which a linear relationship existed. Four relation- 
It £ _ ships were investigated for linearity, namely, response and log(response) as functions of 
oil dose and log(dose). When dose was ‘used as the dose metameter, a curve was obtained. 


Within the limits of error variation, linearity could be obtained with log(dose). As it proved 


_ immaterial (since, within a narrow range, log(1 + x) = x, for small values of x) whether | 


_ Tesponse or log(response) was used as response metameter, the former was chosen for 
. 7 simplicity. e The linear relationship was consistent in the middle range, but tended to vary 


r Vol. 84 
= (t 
th 
|_ra 
Ss. 
4 
— 

q 

x 
q 
“4 
= 
4 
7 
| 
7 
4, 

a 

— 


some occasions. ; the most of the thre readings 
vist at 24, 48 or 72 hours) ieecnted on the effect of time on the error variation and on ay 
the slope. Tn this work, the 72-hour reading was found to give the highest slope to error — be 


__ Although the standard error Tee ee also did the slope and average 


shoot height, there was no evidence of its being affected by the gibberellic a acid dose -level. i. 


Je 
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of Chloroform 
Pharmaceutical = Preparatior 


a 
By yL. “BREALEY. ELVIDGE a: AND PROCTOR 


(Standards Department, Boots Pure Drug Co. Ltd., Beeston, Nottingham) 


usefulness of a gas-chromatographic procedure for ‘determining a 
se ‘chloroform i in a variety of pharmaceutical preparations is shown, and a special 
injection system for dealing with non-volatile materials is described. 

Reg calibration method in which peak heights are used is shown to be eatin 

for this application of gas chromatography. 

Recovery experiments and comparisons with chemical determinations 


fo a show that results are reliable. The method is rapid; an assay can be per- 


tive in concentrations between 0-1 and 0-5 per cent. and certain other preparations, such as 
_ Tincture of Chloroform and Morphine, contain up to 15 per cent. — Chemical methods at present — 
_ in use for determining chloroform in such samples are time-consuming, and, if many assays” 
have to be carried out for control purposes, the time factor is important. By using og 
it has been | possible to develop a of chloroform 


In devising this method it was considered that no pre- treatment of the samples by se ‘ 
g distillation or solvent extraction could be tolerated. Most of the samples contain non-— 
volatile solid matter, and, if these were placed directly into conventional gas-chromatography 
equipment, the column would quickly become blocked and require frequent changing. It 
Was therefore mecessary to devise and build a to < difficulty. 
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The injection ‘system (see Fig. 1) is be and q 
; in which the sample is added from a micropipette that can be filled by capillary action. 
ag = pipettes, K, are made of glass of about j inch diameter and are fixed with Araldite 
cement into a polished steel rod, E, of } inch diameter. These dimensions are such that, 
- whereas the pipette passes freely through the O-ring, O, the steel rod makes a gas-tight seal, 
_ so that the stainless-steel tap, T, can then be opened to allow the pipette to be pushed down © 
and its tip located in the cone, X. This delivery tip is ground to seat accurately in the 
cone so that the gas entering the injection system at G is forced to pass through the hole, J. | 


in the pipette and thus eject the sample. Once the sample has been ejected, the pipette is 
first withdrawn sufficiently to allow the tap to be closed and is then removed. The « mins 
and of the tap are facilitated a that fits into one of four H. 
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= Stainless-steel block = Gas inlet to pipette 
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‘The sample is from. thes a C, which is filled 

: material, such as parte he that the non-volatile components are trapped and prevented © 

from reaching the column, D. When it becomes necessary to change the filling in the a 

_ whole of the brass block, A, can be withdrawn from the stainless-steel block, B, into which — 

_ it fits with a standard conical joint. The cup can then be unscrewed from block A and re- 

placed by another filled cup, the whole operation taking only a short a> 8 ol 
“Block B, which is screwed to the lid of a constant-temperature oil-bath, is wound with _ 

at a heating element, F, designed to maintain the cup at a suitable temperature. — ‘The chromato- 

_ graphic column, which screws directly into the injection: system at D, is made from. Finch - 

external diameter copper tubing; it is wound round a thermal- -conductivity detector and 

both are immersed in oil in the constant- olarae bath. The gas supply, which is heated 
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a _ conductivity cell before entering the injection system. 


It considered that the following criteria would represent the ideal conditions 
(a) The chloroform peak must precede the water peak, 
The chloroform peak must be sharp and ‘reasonably symmetrical if peak heights 
are to be used for calibration 
‘Because of the time factor, the water must be » eluted qi quickly. 
@ _ It must be possible to resolve chloroform from the lower alcohols, particularly 
«) The sta because of the presence of the latter in some of the samples. ae ‘cee ey 


4 containing a high proportion of water. glycol 600,? glycerol® 
_triethanolamine* have been reported by different workers as being suitable materials for 


materials for 


tried. volatilised was first passed a small removable column: 
a suitable compound by means of which it was hoped to remove the water and to allow the ~ 
other volatile constituents to enter the main column. Alumina, magnesium oxide, magnesium 
_ perchlorate, silica gel, calcium oxide and sodium carbonate were tried, but none of them a3 
] retained the water under the operating conditions used. The use of calcium carbide and 
calcium hydride was also investigated, but although the water was retained the liberated ; 
f gases interfered considerably when nitrogen was used as the carrier gas. The use of a mole- — 
_ cular sieve for retaining the water has also been suggested and would probably be successful, — 
but it was that it would be more if to allow all the 


Because many samples are thick suspensions or syrups, it is ‘difficult to ensure that “ 
standard amount is transferred to the column, and an internal-standard procedure i is therefore © 
considered to be essential. m-Propanol is used for this purpose, as its peak appears on the _ 
chromatograms between those of chloroform and water. Calibration curves are obtained by : 
measuring the ratio of the peak heights of chloroform and -propanol and plotting this ratio. a 
against the percentage of chloroform. It is possible to use peak heights for this purpose — * 


rather than peak areas, because standard conditions can be maintained and the peaks are ~ 


re results in Table I ihiow the effect of sample size on the ratios of the peak heights 
of chloroform and m-propanol at various concentrations of chloroform. These ratios show | 
_ that this particular standard functions well as such and that it is not necessary to measure - 
peak areas for this simple application of gas chromatography. seat 
a _ErFect OF SAMPLE SIZE ON THE RATIO ¢ OF PEAK HEIGHTS OF CHLOROFORM 
AND -M-PROPANOL AT DIFFERENT CONCENTRATIONS OF CHLOROFORM 
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“4 a Ray’ has described a method of removing most of the water from samples bef 
‘ | __ graphy, and, although his technique could not be applied to samples with a ve 
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The results i in Table II show the ratios of the peak heights of chloroform and n-propanol 

for three standard solutions, each examined in triplicate. It can be seen that good repro- — 
* ee can be obtained between replicate determinations and that a calibration curve _ 
ratio concentration of chloroform i is linear and Passes through the origin. 


_ _ The calibration curve cannot be maeeienet exactly from day to day, but is subject _ 
to slight changes in slope. It has, however, proved in = — samnmanany 4 to check 
two points on the calibration curve each day. Spee 
; Saas Standards c containing 0-1, 0-2 and 0-4 f per - cent. of chloroform and 1 per cent. of n- a 
in water are prepared. ” The samples are diluted as necessary to adjust the chloroform 
content to within the standard range, and 1 per cent. of m-propanol is then added. Standards — ; 
Stationary phase—20 per cent. of Carbowax an 86-mesh Chromosorb. 
Nitrogen flow rate—40 ml per minute. = = 
“e Detector— Thermal-conductivity cell with platinum wires 4 inches long and 0-001 inch © 
_ thick; nominal resistance 25 ohms, the wires in the two ¢ os being m matched to 


Recorder—Honeywell - Brown with 25-mV full-scale deflection 


he column characteristics. under these conditions a are as follows— 


Retention volume (n 
Time to complete elution of water injcton minutes. 
§ 


REcovERY OF CHLOROFORM ‘FROM. PHARMACEUTICAL ‘PREPARATIONS 


found, % added, % found, % 


23 Mixture of 0-236 


Seepension 
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shows the results obtained | ona number re) 


Com .GRAPHY AND BY 


Liniment of chloroform 


0-55 


Because of the large between the chemical the results, two 
_ standards were prepared containing 0-2 and 0-3 per cent. of chloroform. _ The rene results were 


‘Tenney, H. M., and Harris, R. J., Anal. Chem., 1957,29, 317. 
2. Whitham, B. in Desty, D. H., Editor, “Vapour I Phase Butterworths Scientific 
ts Publications, London, 1957, p. 395. 
Murray, W. J., and Williams, F., Chem. Ind., 1956, 1020. 
D., and ge D.E., Fuel, 1956, , 34, 191. 
H., J. Appl. Che 7 
> 


o 
ve 
| 
ig 
| 
| 
| 
| 
k ; 
| | 
q 
| 
| 
| | 
| 
4 
a 
4 
| 
4 
| 
Ag 
I 


(Chemical D Defence ce Experimenta E Establishment, Porton | Down, Sali sbury, 
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A system is described for multiple s sampling of toxic vapours in the field, 
. in which a simple bubbler with critical-orifice control of flow rates is used. — tone 5 
An investigation of the factors affecting absorption efficiency is reported. — ‘The 
ze particular application of the scheme to the field assessment of “‘nerve gases” is 
discussed, the analytical method being adapted to permit processing of the Supt 
Although the system was developed for studies on the “nerve gases,’ 
: it has since been successfully applied to field measurements of chlorine, — 
phosgene, cyanogen chloride and mtstard gas and no doubt be used 


= 


wnt analysis | over a ig area. This may involve considerable effort in equipment and 
labour, particularly when the methods used are those developed initially for work ona small | 
scale, for which simplicity is less important. — _ A situation such as this arose a few years ago _ 
in field studies of the “nerve gases,” and a review of the methods in use at the time resulted 
in the development of ofa new system, which offered substantial economies without loss in 


a: account of the work is. given | here, as the principles outlined may be adaptable to 
ets other problems involving vapour sampling and analysis at a large number of points. The ~ 
system would be directly, applicable to the assessment of certain that can be 
determined by the colorimetric method used for the “nerve gases.” More recently ithas 
been successfully adapted for field and analysis of chlorine, phosgene, | 


‘The. analytical for the colorimetric determination of the 
“nerve gases,” e¢.g., Tabun (ethyl N : N-dimethylphosphoramidocyanidate) and Sarin (iso- 
_ propyl methylphosphonofluoridate), depends on their reaction with hydrogen peroxide and — 
a an aromatic base of the benzidine type in alkaline solution.'? This has been the basis of 
_ both-the original field procedure and the modified system that is the subject of this paper. 
For some years preceding this work, the standard field method was as follows. = 
At each sampling point a spined glass bubbler (see Fig. 1) containing 20 ml of cyclo-— 
- hexanol was connected to an injector operated by compressed air and fitted with a ball-type 


t) The sample was toa measuring the bubbler was rinsed with 
____ a phosphate buffer (pH 5-5) and the total volume was made up to 40 ml with buffer. — 
A suitable aliquot was transferred to a 25-ml calibrated flask. 
(vii) One millilitre of 1 per cent. hydrogen peroxide was added. 
(tv) One millilitre of 1 per cent. o-dianisidine solution was added. 

Tripotassium phosphate buffer (0-2. M) was added to raise pH t to 11-0. 
(vi) The volume was made up to 25 ml with an acetone- water mixture. => 
(vit) 7 The he colour in 3- -cm optical cells with a an absorptiom ter. 


__ Considerable experience “of the conditions governing the dianisidine - peroxide reaction 


| 
procedure should be. that checking for general can out 
as far as possible in the laboratory i i mediately before the equipment is transported Pa 


flowmeter. 
- 4 at a rate of 10 litres per minute. After return to the sabesaieny the samples were ann l 
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ighout, to” 
avoid. confusion of when numbers are being processed ; 
_ (5) the equipment should be light and resistant to hazards of transport over rough ~ 
country. _ It should be as simple as possible, , both to reduce cost and to make 
possible the replacement of damaged items with facilities. 


= 


be achieved by critical-orifice control without excessive power rt and, by ae. 
_ ing the volume of absorbent, sensitivity should be adequate for most purposes. It was 
_ also clear that the use of 0 agar as sampling pumps would have to be abandoned. _ They 


to be set for each setting up on the site. Accordingly, 
it was decided to operate the new samplers by electrically driven pumps, various = of 


for certain bomb- -sight computers, was found to be satisfactory. + 

_ Another choice that had to be made at an early stage was whether to continue with the — : 
use of a bubbler with liquid absorbent or to change to a device containing a solid adsorbent, a Cie 
such as silica gel. The latter had certain advantages, but it was decided to adopt a liquid = 
absorbent when experience showed that loss of sample owing to hydrolysis on the silica gel a -_ 


To avoid loss in sensitivity, it was decided at the outset that the 
liquid to air sampled must not be greater than in the existing bubbler. For a flow rate of a 
1 litre per minute this limited the volume of solvent to 2 ml, and it was evident that the _ 
_ dimensions of the bubbler had to be reduced, although the provision of spines or beads to 
promote contact between liquid and gas phases would be more difficult on a small scale. gq 
_ Preliminary experiments showed that, with this small volume of liquid in a narrow tube and — 


air drawn i rawn in n through ‘the was carried the sid sides of the te to 


(2) flow-rates should be controlled by a critical-orifice technique; = 
(3) laboratory processing should be simplified and the number of transferences under- __ a 
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rge surface area and the break- ~up of the air stream at ‘the jet promoted good 1 mixing. # Tt. 


seemed likely, therefore, that reasonably efficient removal of vapour might be achieved without - 
The various factors that would determine the ‘efficiency of this method of rem 
: vapour from an air stream were then examined experimentally with Sarin vapour. The — 
initial experiments were done in the laboratory, but later a 100 cubic metre static chamber ~ 
was used ; this had the advantage that more uniform vapour concentrations could be achieved - 
and it was possible to take larger numbers of samples simultaneously. In order to set up any 
‘ required nominal concentration in the chamber, the appropriate weight of agent was evaporated — 
_ ina stream of hot air and at least 10 minutes, with fans running, was allowed after dispersion — 


Effect of concentration and sampling time—The rate of increase in the concentration of © 


~ 2 agent in the bubbler is equal to the difference between the amount dissolving in the solvent — 
from the incoming air and that being removed from solution by the effluent air. In an [| 
= <4 ideal system, #.e., one in which complete equilibrium is between the vapour 


moles Of alr Sampied in unl ime mole 0 0 ven 


liquid phases this may be expressed 


es This can be expanded as an exponential series of which all but the first two terms may be 


_ This indicates that percentage recove recovery should be independent of | the concentration of agent 
in the air. The effect of sampling time on recovery has been calculated for Sarin Vapour 


a a at 25° C, the air flow rate being 1 litre per minute and 2 ml of f eyelohexanol being u bc as 


results obtained in the. static chamber were as follows— 


Concentration of Sarin, » mg cubic metre 82 23 5 

‘Mean recovery, % . 91-4 931 900 

.. experimental and theoretical pes are plotted i in Fig. 2. 


a measure of the mechanical efficiency of the bubbler system. 
Dimensions of solvent container and delivery tube—Solvent containers cross- 

_ sectional areas of 0-5 and 1-0 sq. cm showed only slight differences in absorption efficiency ; 

, ‘s nominal size of 1-cm internal diameter (equivalent to an area of 0-8 sq. cm) was oro 

_ for development of the bubbler design. Variations of +25 per cent. from the nominal 

2 ml of solvent were found to have no significant effect. = 
| : . Various types of delivery tube were tested (see Fig. 3); type C—the thick-walled capillary 
tube—gave a than type A, and type B was inferior to 
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and it it can be seen that — ; 
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was this had the additional over the other types tested of more 
_ - robee: _ Subsequently it was found necessary to specify tubing of 1-0 to 1-5-mm internal 
_ diameter, as tubing of less than 1-0 mm was found to interfere with the bit of the 
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Sampling time, ‘minutes: 
tubes miniature bubbler 
absorption efficiency: curve A, theoretical qu Ve 
results; curve B, experimental results 


po Rift of temperature—The implication of the theoretical treatment given above is that _ 
absorption efficiency will fall with increasing temperature owing to the increase in the me _- 
_ saturated vapour concentration of the agent. The magnitude of this effect is shown by the — “7 
following theoretical recovery values for Sarin vapour at a constant sampling time of 
a, In practice, however, the mechanical efficiency of the bubbler system might be pane f 
3 increase with increasing temperature owing to the fall in viscosity of the solvent. The _ 
_ Viscosity of cyclohexanol is about 70 centipoise at 20° C _ falls to about half this a = 
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April, 1959] OF TOXIC VAPOURS IN THE FIELD 
t and C. Variations in jet diameter between 0-5 and 1-5 mm produced no difference ee 
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with: a 10° in The one of in the ‘solvent 

. a was maintained at various temperatures, are shown in Fig. 4, a small increase in efficiency 

_ with rise in temperature being indicated. This trial was not representative of sampling in 

a various climatic conditions, as the air temperature remained constant before entry into 

eS the bubbler. It seems likely, however, that the two effects resulting from increased — 
ature would be tosome extent compensating, = g 
= _ The influence of viscosity on absorption efficiency for two solvents having similar 1 mole- : - 

— different viscosities is shown by the resultsin TableIl. 


_ Solvent Atal Molecular weight 


te 
: ‘The final choice solvent fore any particular sampling operation 
considerations, e. g., boiling- -point and freezing-point, and the extent to which the solvent 

itself or likely impurities in it may interfere with the analysis. 

_ Design of the bubbler—Serious loss of solvent by evaporation is prevented by choosing 

a liquid of sufficiently low vapour pressure, having regard to the climatic conditions under a 

_ which it is to be used. Small losses of solvent by evaporation would be of no consequence, — 

Pa ae the system was to make use of the entire sample for analysis (not an aliquot). A further 
possibility that had to be considered was that of solvent droplets being carried out of the 

_ bubbler by the air stream. It was shown by an experiment with dyed cyclohexanol that, 
with a tube of 1 cm diameter and 6 cm long, losses due to spray could be entirely avoided 
by i inclusion of a small bulb at the top of the tube. | 
One of the most time-consuming steps in the original procedure was the removal of 
ae. “liquid from the bubbler and measurement of a suitable aliquot. As explained below, it was 
found possible with the new system to make the bulb at the top of the solvent container a: 

_ a size such that the vessel could serve the dual purpose of bubbler and 25-ml calibrated - 
flask, which permits the sample to be analysed 
‘The bubbler is shown in Fig. 5. In the original design, the capillary tube was held in ~ 

-_ position by a small rubber bung; this had the attraction of cheapness and would no doubt 
_ be quite satisfactory for many purposes. For “nerve-gas’’ sampling, however, it was found — 

_ that in transit to and from the field solvent occasionally came into contact with the rubber — 
4 and extracted from it materials that interfered with the analysis. An all-glass design was — 
therefore adopted; in this the capillary t tube fitted into the with a 
THE MODIFIED ANALYTICAL PROCEDURE— 7 

As stated above, the original method that the sample and reagents should | 

brought together in a buffer at pH 5-5 and the pH finally raised to 11- 0 for colour development. 

_ Experience in the laboratory showed that, provided the ‘‘nerve-gas” sample was added after 
the hydrogen peroxide and o-dianisidine, the whole process could be carried out at pH 11-0. 
a _ When. considering the procedure for the new bubbler, it seemed likely that all the necessary — 
So reagents could be mixed in bulk and added to the sample i in the bubbler. Extensive tests | 
a confirmed that this gave results identical with those by the original routine. Although the — 
A mixed reagents developed colour slowly in the absence of “nerve gas,” it was found that, 
z ea provided a batch was used within 1 hour of mixing, the colour development was slight, 


CD 


+ and, in any case, this blank colour was automatically de deducted 7 ‘filling the reference cell | 
=> Before full advantage could be taken of the simplification offered by processing the 
ot "sample in the bubbler, it was obviously necessary to extend the range of the analysis so 

_ that the whole sample could be used, even with relatively large concentrations of agent, 

.€., to eliminate the need to take in fact found fhe bubble to cover the entire 
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wit 
= 
) cut from “pr tubing of eteled internal diameter (Veridia tubing obtained from Chance 
* Brothers Ltd.). Ideally the orifice should be in a very thin plate, but in practice thicker © 
_ | plates (or discs) may be used if a larger pressure difference is maintained to give critical flow 
conditions. The Veridia discs adopted were inch thick, and critical flow was maintained 
_ provided the pressure was reduced to at least half an atmosphere. _ With an orifice diameter — a, 
a of 0-35 mm, more than 90 per cent. of the discs gave flow rates between 0-95 and 1-00 litres — 
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the To make sure that orifice was correctly assembled, 
clean and free from leaks, the following procedure was devised. A pump, ‘similar to those - ns 
used in the field, was employed to power a manifold fitted with 10 connections and a pressure _ 

_ gauge. The bubblers each containing 2 ml of solvent were fitted with their critical orifices — a 

} and mounted on the bubbler frames (see below), which were suspended in order along the — 

: _ bench and connected to the manifold. A roving lead from a Rotameter flowmeter was 


te ‘ee in a permanent-record book. As any given bubbler was always used with the same | r 
critical orifice, the flow rate to be expected could be obtained from the previous record; 
any deviation ‘from normal was noted and its cause investigated. _ It was found ‘that a team en 

of two with little practice could check about 300 bubblers in an hour ur, a 


PRECISION ATTAINABLE WITH THE PROPOSED 


_ The over-all precision depends (a) on the consistency of performance of the soe a ; 
omy and (6) on the accuracy of the analytical method. The latter has been discussed in _ 


concentrations of Sarin vapour was carried out in the 100 cubic metre static chamber. A 

few typical results together with those by the original method are shown in Table Il. 

| om _ The concentration in the chamber would of course be appreciably less than the nominal 
concentration, which was simply the weight of agent metre of chamber 


bak: separate paper.! ' To check the performance, a large number of trials with different nominal 
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the prelimin rials, "percentage 
in a single bubbler was assessed by operating two bubblers in series and analysing 
= = the samples in both. When sufficient results had been collected to assign a “‘slip correction” 
— given sam sampling time, bubblers were operated | singly ar and the necessary corrections | 3 


; applied. 


PRECISION ATTAINABLE wire THE PROPOSED SYSTEM 
Nominal concentration Sampling Mean concentration ean 
_ Number of ofSarin, time, ofSarin found, devia 


unskilled operators, it is important that all items should be clearly and permanently marked 
to avoid confusion of identity. To achieve this, the bulb of each bubbler was marked with 
; ia a serial number in large figures with Araldite paint, which was baked on after application. 
‘The corresponding critical orifice was similarly marked, and, in the event of i: ta a 
“ew item was fitted and given the same number. mt 


The bubblers were at first mounted on boards, but, being solid, were found 
= to produce undesirable turbulence in the air at the sampling point. Also, they of binch | 
ig became contaminated with toxic liquid and were difficult to clean. Later, frames of 4-inch 

aluminium channel-strips riveted together were used (see Fig. 7). The ‘vertical members - 
_ provided convenient recesses into which the critical orifices could be placed and the boa: 
clips permitted bubblers to be quickly attached to or removed from the frames. _ 


“When large numbers: are a at some s stages b 


oa _ The projections on the horizontal strips were of uniform atage t to allow the in 


developed. . Its particular application to the “nerve gases’ ’ is considered, although it has 


I ype oc gry one of the most attractive features of the system is the simplicity achieved 


by carrying out the analysis without removing the sample from the bubbler. How far this 
could be realised in any other ‘application depends on the method se analysis « of the partic a 


‘The work described was carried out under the direction of Mr. LT . D. Williams. 
Wee: Marsh, D. J., and Neale, E., & Ind., 1956, 494. 


since been successfully used for chlorine, phosgene, cyanogen chloride and mustard gas. 
a _ The sampling equipment could without doubt be used for any vapour dispersed in the 
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‘Beryllium: ‘Metal by 


; R. F. COLEMAN anp J. L. PERKIN 
Ww. K Atontic Energy Authority, Atomic Weapons Research Establishment, A Idermaston 


a oxygen content of metal was found by irradiating samples 
5-MeV neutrons and measuring the 7-4-second nitrogen-16 activity 

produced in the reaction **O (n,p) *N. Oxygen contents in the range 0-01 

7 = ; Sa 2-0 per cent. have been measured by this method. As little as 0-001 per 

_of oxygen can be detected, provided that the of short- 


: measurement is generally about 0-1 per cent. of Remini: Above this level of impurity, he 
- vacuum fusion technique! is widely used and is probably the most reliable method. Two 
_ chemical procedures for separating beryllium metal from beryllium oxide have been utilised _ 
for the determination of oxygen. Wallace® dissolved beryllium in copper sulphate solution, 
~ beryllium oxide remaining as an insoluble residue, but other analysts have found this method ur Pp 


4 to be unreliable for some types of sample. -Corbett’s Procedure* for determining oxygen in 
titanium has been adapted successfully to beryllium. Distillation of the metal in chlorine 3 
| leaves a residue of beryllium oxide. The lower limit for these methods is again about 
Osmond and Smales® developed an activation technique in which thermal neutrons were 
used and lithium fluoride was mixed with the beryllium sample. Fluorine-18, produced by - 
reactions *Li (n,t)*He and 1*O (¢,n) was separated chemically and the activity was 
_ measured. _ The method is limited to fine powders and its lower limit of accurate measure- — 
- ment is about 0-2 per cent. because of the oxygen impurity in lithium fluoride. iin aco 
___ A radioactivation method for determining oxygen in beryllium by irradiation with — 
_ 14-5-MeV neutrons is described in this paper. The massive metal can be analysed, and surface _ 
reactions with oxygen are thus minimised. The high sensitivity of the method makes ward 
useful for traces of oxygen in pure beryllium. 


aS The method used was to Hcp wie the beryllium sample i in a 14-5-MeV neutron flux and ~ 
then to count the residual activity with a Geiger counter. The 7-4-second B~ activity® from — 
_ nitrogen- 16 produced in the reaction 1°O (n,p)#*N was then compared with 
from a similar-sized sample containing a known added amount of oxygen. 
Neutrons of 14-5 MeV were obtained by bombarding a tritiated zirconium target with 
500-KeV deuterons. The total neutron output from the target was maintained at approxi- % 
mately 10% neutrons per second. Short irradiations of the order of 1 to 10 seconds were ~ 
used, the sample being in a standard position close to the neutron source. These alee 
‘ _ were made with the help of a fast mechanical shutter in the deuteron beam; the shutter was — 
by magnetic solenoids to ensure a sharp rise and fall at the beginning and end of 
an irradiation. The neutron output was monitored by means of a “long counter,’’”’ the pulses fd 
_ being fed via a ratemeter into a fast pen recorder. The neutron output and the time of — a 
irradiation were measured on the recorder chart. 
___ After irradiation, samples were transferred to a standard position near a 2-inch diameter — 
; end- window Geiger counter, the output from which was fed alternately into two scalers B. 
every 5 seconds. Scaler readings were recorded in the alternate periods during which the | 
instruments were not receiving pulses. The transfer of the sample to the counter and the 
recording of the counter output were done manually, as the number of samples to be examined 
_ did not justify the installation of elaborate automatic handling and counting equipment. 
; Bei" _For routine analysis, it would be more convenient to count the particles from the oe 2 
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_ Asan alternative to beta-particle dessttichs, the high-energy gamma rays from nitrogen-16 — 
pee be counted in a large sodium iodide crystal. _ However, the size of beryllium al 


required to increase the counting rate in order to compensate for the low detection efficiency 


>a However, to do this, an dette neutron-flux measurement and accurate absorption and 

Baer scattering ¢ corrections for the nitrogen-16 B- particles in the beryllium sample would be 
necessary. These could only be obtained with precision for a thin sample of beryllium, 
the weight of which would be insufficient to allow the determination of extremely small | 
amounts of oxygen. It was therefore necessary to standardise the method by irradiating 


of known mixtures of beryllium and beryllium oxide. 


“had been compacted and sintered in a vacuum, the samples were machined to a prance ain 
size (lcm in diameter and 0-5 cm in length). This overcame the need for corrections to 

oe sag ~~ into account the variation in neutron dose, counter geometry and self-absorption of 
___ beta-particles, which would be necessary if samples of different sizes were used. The samples 
- examined contained 0, 0-32, 0-65, 0-96, 1-28 and 1-60 per cent. w/w of added a _ Three 


samples at each concentration were prepared. 


BS Each sample was irradiated fora few seconds and then counted as described. A typical 


teal component from - impurities in the ‘beryllium are evident. The 7: 4-second. activity of 


each sample was normalised to a standard neutron flux and time of irradiation and was } 


corrected for the small variations in the weight of each sample. The results are shown in — 
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a a 
on 4 

aul and Ularke® for the react q 

| q 20 content of a beryllium sample 
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oxygen activity, added oxygen (B), 


added (4), counts per minute minute 


20,800 


— 63,100 
99.200 


okt known and uniform beryllium oxide content. 


‘From 
t 


the results in Table I, the oxygen content of the beryllium powder used to prepare __ 
he standards was found to be 0-38 + 0-05 per cent. This agrees with the mean value of 
_ 0-47 + 0-13 per cent. found from a series of determinations by the vacuum fusion sochaique 
on the same powder. A sample of this beryllium was used as a standard in — 
ae _ The error for the standard, +12 per cent., is absolute, whereas the relative error in % 
comparing two samples, say, before and after a purification procedure, would include “2 
_ the counting and timing errors. . The counting errors cannot be improved beyond the ‘point ts hy 
at which the counting rates are seriously reduced by the dead time of the counter used. Pro- 4 
vided, therefore, that this maximum counting rate is obtained for each sample by adjusting 
& neutron flux according to the oxygen content, the relative error will remain the same, — : 
1.¢., about 5 per cent. With the maximum neutron flux available, the lowest oxygen content 
detectable was approximately 0-001 per cent. No great improvement in the sensitivity of — 
_ the method can be obtained by increasing the size of the sample. This is because of self-_ iy - 
_ absorption by the beryllium of the nitrogen-16 beta particles (half- thickness ~ 1 g per sq. cm). a 
_ If the oxygen distribution in the sample is not homogeneous, the accuracy of the method 
will be decreased. In the extreme, if all the oxygen were concentrated in a small volume on 
one of the faces of the cylinder, the oxygen determination would be in error by a factor of . 
Seven samples from along the length of a zone-refined bar of | beryllium were — 
the: calibrated sample being used for comparison; the results were as follows— _ ee rar] 
Oxygen content, OC 008 0-008 0008 0-008 010 0: 016 


Th he smooth variation in oxygen content is an indication of the steincaiianel y of the method | Z 
ERRORS ‘CAUSED BY REACTIONS WITH IMPURITIES 


The presence of other that rise to reaction products with half-lives | 


TIUM AND BERYLLIUM OXIDE 
cy B/A = Gf 
| counts per minute counts per minute 
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i od search of the Table of isotopes revealed five such elements that could occur in emia ¥ 
, viz., sulphur, silicon, aluminium, magnesium and fluorine. To ensure that the oxygen — 
must not be present to an extent greater than, respectively, 1, 20, 10, 10 and 0-1 times = 
- oxygen impurity. These figures have been calculated from published nuclear data and some 
unpublished cross-section measurements made by us. They are only approximate owing, 
mainly, to the inaccuracy of the published data on the cross-sections involved. 
ifr re.- The amounts of some of these impurities present in a beryllium sample can be found iy 
irradiating the sample for a relatively long time and examining the long-lived induced activity. 
A beryllium sample having a measured oxygen content of 0-01 per cent. was irradiated for 
30 minutes and the decay curve was analysed into five components with half-lives of 7: = 
; seconds, ~-2-5 minutes, ~10 minutes, ~2-5 hours and ~15 hours. An analysis of this decay - 


. ‘% curve is shown i in Table Il, from which it can be seen | that all the components can be accounted — 


of aluminium, silicon ‘and mangesium are all much less than the ‘maximum > 
—" lev els previously mentioned. 
-BERYLLIUM SAMPLE © 


Impurity Half- life « prt impurity by chemical : 
7Al(n,p)"Mg 10 minutes f 


Fluorine and sulphur could not be detected from the decay curve. Asa chemical analysis: 


et i _ set upper limits of 0-0005 per cent. for these two elements, they could not cause any ‘appreciable _ 


errors in the oxygen determination. This beryllium sample ae therefore sufficiently 7. 
from all the elements likely to cause serious errors. 
_ The proposed procedure is the only method yet developed that is capable of the precise _ 


‘detennination of amounts of oxygen less than 0-1 per cent. in beryllium. It is possible to ff 
_ measure as little as 0-005 per cent. of oxygen with an error of +20 per cent. _ The chief — 


_ disadvantage is that the samples to be analysed and the standards for comparison must be 


the same shape and must therefore be machined. 


_ The method is applicable to other materials, provided that the half- lives of the fast- 4 q 


‘neutron reaction products of the main constituents are sufficiently different from that of | 
by We thank Messrs. J. Prosser, A. a Garraway and B. M. Smith for assistance during 
‘the: irradiations, and Dr. A. J. Martin and Mr. T. R. Barrett for providing the beryllium stan- 


dards and for helpful « discussion. also thank Mr. R. for the 
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Determination Copper 1 in Certain 


ELLIC 


4 modified method for the determination of copper in certain high-alloy 
steels has been developed. Separation is based on the extraction of copper J 
dithizonate with carbon tetrachloride, copper being finally determined 
_ absorptiometrically as its blue biscyclohexanone oxalyldihydrazone complex. — 
‘The range of copper concentration covered by the method is about 2 to 10 
on cent., but this can be extended in either direction by adjusting the sample = oe 
Weight or the aliquot of solution the 
THE procedure described in this paper was devised in order to provide an accurate means of a 
determining copper in certain high-alloy steels. Methods in which biscyclohexanone oxalyldi-- 
hydrazone is used for the determination of copper in ferrous materials have been described a 
_ by Haywood and Sutcliffe’ and Wetlesen.* We have successfully used Haywood and Sut- 
_cliffe’s procedure to determine copper in a range of low-alloy and mild steels, but, when the =r a 
method was applied to the analysis of permanent-magnet alloys and stainless steels, asig- 
nificant fading of the blue colour was observed, especially with the magnet alloys. — ee 
_ workers}? have recorded that iron produces a background colour under the experimental — 


does not cause any significant interference. Wetlesen? meted that large amounts of cobalt ; 

and nickel cause a negative interference, and consequently it was simple for us to —. 3 
that these two metals were the cause of the fading in our experiments. We were able to a° 
show that cobalt was responsible for a more serious error than nickel and that, for the magnet _ ss 
alloys, the average order of the fading was about 5 to 7 per cent. of the theoretical optical — ; 

density i in 30 minutes. Optical density - time graphs were plotted and it was shown that __ 
the theoretical optical density was obtained if the graphs were projected to zero time. “Conse- ae 
quently, the error caused by fading can be reduced by measuring the optical density of the 

- Solution as soon as possible after colour development is complete. This expedient is only 

| a partial solution to the problem and cannot conveniently be resorted to when analyses are 

being carried out in batches or when results of the highest accuracy are required. _ In order 

3 to overcome the problem of fading, attempts were made to introduce a suitable separation 
"procedure. The use of; a extraction stage has permitted us to modify ‘the 


Solvent-extraction procedures were rev iewed, and it copper 


- selectively extracted, as its dithizone complex,’ from a solution of the steel in dilute acid. 
a ‘ Attempts to determine copper directly by measuring the optical density of the extract were : 

unsuccessful, as dithizone absorbs strongly in the same waveband as the copper complex © 
5 and the mixed-colour method is not sufficiently accurate. 7” It is possible to remove excess of 


but this results in the loss of some \ 


= = 


_ dithizone by means of an aqueous ammoniacal solution, 
_ copper by partial keto - - enol transformation — in the complex. f. Consequently, it t was —_ 
sible to use a direct measurement on the carbon tetrachloride extract. 
ee modification of the method was therefore required, and, provided that iron, in 
and nickel were not co-extracted to any significant extent with the copper dithizonate, it 
appeared that the biscyclohexanone oxalyldihydrazone complex could be used. Tests were 
_ carried out to determine the behaviour of these three metals. Solutions of 0-1-g samples =. 
_ a synthetic alloy of iron, cobalt and nickel (1 + 1 + 1) were prepared and extracted inexactly 
the same way as for the removal of copper from a solution of a steel. The resulting organic ~ 
extract was that t for copper and nickel Stall th fred fat and for iron 
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DETERMINATIO 


EN 


_ copper after separation as its dithizonate. _ It was siene to destroy the organic ligand with 


is Dithizone solution—Prepare a 0-05 per cent. solution of dithisone i in carbon tetrachloride. 
ae acid mixture—Mix 1 volume of sulphuric acid, sp.gr. 1-84, 1 volume of nitric” 
rela acid, sp.gr. 1-42, and 2 volumes of perchloric acid, sp.gr. 1-70. mbna Sal oe 
fee bey “Citric acid solution—Prepare a 25 per cent. w/v solution of - acid in water 


s 


a per cent. ‘solution of the 


Dissolve ¢ 0- 1 g of in ml of diluted nitric acid + 3) ina 125-ml beaker. (For 
d samples of stainless steel, use 50 ml of diluted sulphuric acid (1 + 4), and oxidise residual 
se with about 5 ml of nitric acid, sp.gr. 1-42.) Cool the solution, and carefully | add 


10 ml of sulphuric acid, sp.gr. 1-84, except for samples of stainless steel, when no further 

sulphuric acid need be added. © Cover the beaker with a watch- -glass, heat until fumes of 

# sulphur trioxide are evolved, cool to room temperature, and dilute to 500 ml in a calibrated 

flask. Transfer 10 ml of the resulting solution to a 100-ml separating funnel, and dilute to 

; 2 30 ml. (If the sample contains less than about 2 per cent. of copper, take a saad — 
and dilute accordingly to the correct acidity,O0-1to05N3) 

_ Extract successively with 30-ml and 5-ml portions of 0-05 per cent. dithizone solution 

S- reg with 10 ml of carbon tetrachloride, which removes the residual dithizone and 


Ensure that the solution is seston = until fumes are evolved, but do not heat count | 

_ large variations in the concentration of ammonium salts present cause small errors at low 
a _ Concentrations of copper. Cool to room temperature, add 5 ml each of distilled water and | 
25 per cent. citric acid solution, adjust the pH to between 8-0 and 9-5 with ammonia solution, — 

a sp.gr. 0-880 (see Note), and transfer the solution to a 100-ml calibrated flask. Place the flask 
om ina thermostatically controlled water bath at 20° C, and add 5 ml of 0-5 per cent. biscyclo-— 
_ hexanone oxalyldihydrazone solution. (A temperature of 20°C was arbitrarily chosen for 
_ the dilution of all solutions to a standard volume in order to avoid the difficulties encountered 

at lower temperatures, ¢.g., below 15°C formation of the copper complex is sometimes 


delayed.) Shake the flask, allow the colour to develop for 5 minutes, and dilute to the mark 


* Shake well, and measure the optical density of the solution in a l-cm cell at 595 mp 
with a spectrophotometer that has been set to zero against water. Read the copper content 


of the alloy from a calibration graph plotted from a range of copper solutions prepared by | 


dilution of the standard copper solution. The most usefui Tange of copper concentration 


in the final solution is approximately 40 to 200 yg per 100 ml. 


 Nore—Use v wide-range indicator papers i in strips of about to adjust Carry out 


a check by placing 1 drop of test solution and 1 drop of a-naphtholphthalein indicator solution about 


°, 0-5 cm apart on a filter-paper. As the drops merge, a distinct blue colour is observed when the pH 
_ of the test solution is in the correct range. Any indeterminate colours or colours produced when the 


_ spots approach each other but do not merge must be ignored. This procedure was devised to over- 
_ come the effects of ammonia evolved from the buffered solutions, which should be ia if set 


ae 
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reagent in 50 percent. aqueousethanol = 
“Standard copper solution—Prepare a solution containing 1 mg of copper per 10ml by | 
— i _ dissolving spectrographically pure copper in diluted nitric acid (1 + oo final solution } 
was approximate -1 N with respect to nitric acid. 
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DETERMINATION | OF COPPER IN STANDARD 

‘lement ‘Present element present, copper content, _ Copper found, 


0-96, 0-95, 0-99, 


13: 41> 333 3-35; 3 


5-09, 5-12, 5-03, 


To illustrate the precision of the method, recoveries of British 
Standard alloys are shown in Table I. A Unicam SP500 spectrophotometer was used to — 
measure the optical densities of the test solutions. 
| The range of copper concentration covered by the proposed procedure is approximately 
2 to 10 per cent., but can be con: eniently extended in either direction by varying the sample | 
= or the aliquot of ‘sample solution and altering the concentrations of the reagents ae 
a 


ccordingly. The optical density of the final solution can then be controlled sothat maximum __ 
Sty. P y 


accuracy is obtained from the scale readings; 
. ‘We thank Brigadier Sir Lionel H. Harris, K.B.E., T.D., , Engineer-i -in-Chief of the General __ 


Post Office, for permission to ublish this paper. “We also acknowled e the assistance of 


| Mr. J. R. Townley, who tested the method on a routine basis. 
Wetlesen, C. U., Anal. Chim. Acta, 1957, 16, 268. 


& - Sandell, E. B., ‘‘Colorimetric Determination of Traces of Metals,” ,” Second Edition, Interscience — 


apid Method for the Determination of Total S Sulphur 


a (Department of Agriculture, ‘Kawanda Research Station , P.O. Box 265, Kampala, 


barium sulphate is described. Procedures are given for the determination of 
total sulphur in soils and plants, extremely pure magnesium nitrate being 
_ used to oxidise the organic matter. The techniques are eminently suitable fone ay 
_ for large batches of samples | and should have general ApEn | in biological — on 


Most agricultural chemists agree that there is an a need for a rapid method for deter- 
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ETHOD FOR 


te pointed out that ‘in waters of Lake Victoria were deficient in sulphate and that the soils of 
_ Uganda might also be deficient. Sulphur deficiencies had been suspected from anomalous — 

a results of fertiliser experiments and were later confirmed by pot experiments. 
oh has recently reviewed methods for determining sulphur in soils and has described 
a ferrum reductum procedure for total sulphur. Destruction of organic matter by oxidation — 
: . o- prospects of greater simplicity, but the use of perchloric acid was precluded, as, in 

; a the hands of unqualified African staff, the risks of explosions were considered to be too high. - 
_ Several fusion methods involving sodium peroxide were tried, but all were given up in despair | 
(compare MacIntire®). Magnesium nitrate offered good prospects as an oxidant on the 
_— micro scale, but early results were disappointing, as blank values were high. - Specpure | 
i ak _ magnesium rod as a source of magnesium nitrate finally led to safe rapid methods, which 
almost completely free from reagent blank values; 
mer Lg _ The proposed method is based on that of Chesnin and Yien® for available sulphate i in 
‘soils. __ A statistical approach to the study of the variables involved has resulted in several 
improvements to their turbidimetric procedure and its adaptation to the determination of 


a Crystal size of barium chloride—A series of standards containing 0, 100, 200, 300, 400 and 


600 pg of sulphur was prepared in duplicate in the presence of 5 ml each of 50 per cent. Z. 


acetic acid and 25 per cent. nitric acid; six grades of barium chloride crystals were used. 
mie _ Optical-density measurements were made after the standards had been set aside for 1 hour. 
, The results were statistically analysed, and Table I shows the values of the correlation 
_ coefficient, or multiple correlation coefficient when appropriate, and the coefficient of variation 


for each series. Crystals of size 1mm B.S.S. were as being the most 


‘Erect OF BARIUM CHLORIDE CRYSTAL SIZE ON OPTICAL 


= 0 9977 r=0 9997. 


- 1 mm to 36-mesh B.S. — 
36-mesh B.S.S. to 0- 5mm. = 0 =09994 35 
mm to 52-mesh B.S.S. .. Ry, =09989 =r=09976 ||| 

0-5 mm to 70-mes 7 = 0-9922 
mm to 52-mesh B.S = 0-9986— 0-9992° 


Batch variation of barium n chloride crystals—Different batches of barium 
ss gave rise to slightly different constants in the regression equation relating optical density 
— to level of sulphur. It is therefore preferable to prepare a standard series for each batch 
Type and ‘concentration of acid—A suitably ‘buffered is necessary to ‘ensure a 
- favourable rate of dissolution of barium chloride, as this influences the optical density and 
. “3 _ reproducibility of the barium sulphate cloud. Hydrochloric acid - acetic acid mixtures were 
_ _ found to be less satisfactory than nitric acid - acetic acid mixtures. The addition of ortho- 
oS ie phosphoric acid, although primarily intended to decolorise iron in soil extracts, resulted in 


« an optical-density increase of about 9 per cent. and a linear relationship between optical 


: density and level of sulphur. The effects of variation in the aye raral of acetic and nitric 


5 * acids on the determination of 250 vg of sulphur in the presence of 1 m 1 of orthophosphoric — 
_ acid after a standing time of 1} hours are e shown i in Ila and values of the least 


_ difference in Table IIs. 
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1959] "DETERMINATION OF TOTAL SULPHUR IN PLANTS 


F DIFFERENT AMOUNTS OF ACETIC AND pie ACIDS ON THE Bazin; $4 ‘tie? 


eid were is the mean of three determinations and is referred to a standard series ae ihe ¥ 


vit 25 per cent. in presence of __ in presence of Average amc amount 
nitric acid Malthe in absence of ml of 50 percent. 10 ml of 50 per cent. ut. of sulphur 


Dissolution of chloride was incomplete and barium was precipitated. 

Taste 

VALUES OF THE LEAST SIGNIFICANT DIFFERENCE 


rcent.levelof 1 percent. levelof 0-1 percent. lev 

‘The ‘results show in n the ptesence either 5 or 10 ml of 50 p per acid, 
minor fluctuations in the concentration of 25 per cent. nitric acid about the 5-ml level will | 
have no serious effect on the determination. As the solubility of barium chloride is lower | 
i in the presence of 10 ml of 50 per cent. acetic acid, the 5-ml level was chosen as being the 
a:  - Time of standing—The effect of time of standing after dilution to volume on the optical | 
_ density of the barium sulphate cloud was investigated by using a standard series prepared in 
duplicate covering the range 0 to 1000 of in 125-yg results, sum-_ 
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0-4894 +0-0037 
me 0-4980 0045 


t Optical densities in l-cm cell. 
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s when the are set aside 
and that the centand error of the 1 regression caiielont passes through a minimum during © 
~ the period 1} to 2 hours; the regression coefficients for these two periods are not a 
- different, and a standing time of 1} hours was therefore adopted. 2 ts” 
_ Optical filter—The optical density of the barium sulphate cloud is best measured with 
use of a blue filter, as the values are numerically higher and are less subject to random > a 
ie - “variations. The presence of a yellow colour in some soil extracts precludes the use of a filter © - 
transmitting at 425 or 465 mp. It was found, however, that the absorption of the coloured 
ny soil extracts was high at these two wavelengths, passed through a minimum at 490 my and 
rose to a secondary maximum at 545 my. In view of this behaviour, optical density was 
measured at my so that the: same standard series would be to" bot 


EFFECT OF FOREIGN IONS— 


in Table IV, from which it can be seen that, in ‘practice, eo Sites o amounts of calcium are 
_ likely to cause interference. Interference from silica is not likely, as both soils and nol 
; _ materials receive an acid treatment that will largely result in its removal, and, in tins < con- 7 
nection, nitric acid is to be preferred to hydrochloric acid. 
com EFFECT 0 FOREIGN. IONS ON SULPHUR DETERMINATION 


jon added, ri of | 


Added ion Form of added ion 


Statistically significant at the 5 per cont. level of significance. 


i ** Statistically significant at the 1 per cent. level of significance. prdstsar 2 & 
er agnesium nitrate solution—Dissolve 25 g (5 rods) af Specpure Longin in 400 ml of | 
analytical-reagent ina ml flask.  Ifany magnesia 3 
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DETERMINATION 


the of magnesium nitrate, cool, and dilute to 500 This solution 


.° Nive acid, 31-2 per cent. v/v—Prepare from analytical-reagent grade nitric acid. é, 


- Nitric acid, 25 per cent. v/v—Prepare from analytical-reagent grade nitric acid. 
q Acetic acid, 50 per cent. v/v—Prepare from analytical- “reagent one acetic acid. eae 
& Gum acacia solution—Dissolve 5 5 g of gum acacia in 1 litre Pri hot water. ie Filter the hot 


Qu. 


al L -mm sieve, re _Temove sir smaller with. a _52-mesh sie sieve. 
= Place 0, 2, 4, 6, 8, 10, 12, 16 and 20 ml ar standard sulphur solution in a series to 50-ml — 
calibrated flasks. — " Place 5 ml of 50 per cent. acetic acid, 5 ml of 25 per cent. nitric acid og 
1 ml of orthophosphoric acid in each flask, dilute to about 48 ml, and shake well. i ae 
From a graduated dispensing tube, add 1 g of barium chloride crystals to each flask 
without disturbing the contents. Set each flask aside for 10 minutes, and then invert it 
twice. Repeat the inversion after a further 5 minutes, and, 5 minutes later, invert each > 
flask ten times, add 1 ml of gum acacia solution, dilute to iin, and invert twice. a 
* each flask aside for 1} hours, invert ten times, and measure the optical densities in both 4-cm. 
and 1-cm cells with a Spekker absorptiometer at 490 mp. The relationship between optical - 
density and level of sulphur is linear, The standard graph is z= to subsequent — 
_ determinations made with the same batch of barium chloride crystals. 


lg of 05 ‘5-mm soil into a lipless ml tall beaker. Add 2 2 ml of nitrate 


Fea 


with a well fitting w atch- ‘and on a water bath for 24 Av 

____ Transfer the cooled “digest quantitativ ely to a 50-ml calibrated flask, dilute to o volume, | > 
“shake well, and filter through a dry fluted Whatman No. 42 filter- paper. - Place a 40-ml > 
aliquot of the filtrate in a 50-ml calibrated flask, add 5 ml of 50 per cent. acetic acid and 1 ml 

of orthophosphoric oric acid. Shake well, and dev levelop tu turbidity i in the the ane" sina for the 


a 
W eigh 0-2 g of finely, ground plant material into a 50-ml tall Add of 
a fuming nitric acid, cover the beaker with a watch-glass, and set aside overnight. Wash the 
ff watch-glass, add the washings to the beaker, and evaporate to dryness on a steam- bath. 
_ — Add 2 ml of magnesium nitrate solution, ev aporate excess of moisture, and sand in a cold 
€ q | _In the cold beaker place 5 ml of 25 per cent. nitric acid, and, when dissolution is complete, — 
_ § transfer to a 50-ml calibrated flask, and dilute to volume. _ Filter through a dry Whatman 
9 No. 42 filter- -paper. _ Place a 20-ml aliquot of the filtrate in a 50-ml calibrated flask. a 
= 5 ml of 50 per cent. acetic acid, 3 ml of 25 per cent. nitric acid and 1 ml of orthophosphoric _ +4 


acid. _ Dilute to about 48 ml, mix, and develop turbidity as previously described. phe 


‘Resatts for the reproducibility ; and recov ery ¢ of added : sulphur for nine soils ils and five plant 
“nhitiials are shown in Tables V and VI. Recovery of sulphur added as sulphate and methio- P Ue 
nine is quantitative within the limits of experimental error. The average — a) 


variation is adie 1 iis cent. for soils and 1-7 per cent. for plants. aI 
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4 
Standard sulphur solution, 50 ug per ml—Dissolve 0-3844 g of magnesium sulphate, 
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RECOVERY oF ADDED OF SoILs 


J 
of sulphur added— Amount of Coefficient 
(1027419 30. 


100-7428 
107-7 + 3 
eed 
4860 


190-0 
184-3 


473-0 
Average recovery of sulphur added as MgSO, 
recovery of sulphur added as methionine = 97-2 + 5-3 
Average coefficient of variation = |= = 31 percent. j te 


RECOVERY OF SULPHUR: 70 0-2- -g SAMPLES. OF PLANT MATERIAL 

* 

result i is s the mean of four determinations 
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_ reagent b blank should be run with each series of ihatiniailinaticia: which should preferably — 
e ‘performed i in duplicate, as occasional determinations may be in error by more than 10 per — 
cent. - Violent shaking can cause errors of up to 10 per cent., but slow inversion leads to 
_ reproducible results. _ The pre-treatment of plant material with fuming nitric acid is necessary — ny 
to prevent losses of sulphur by volatilisation as ammonium sulphate. Some soils give pale ‘4 
straw-coloured extracts, possibly due to the presence of titanium. An appropriate coredion — 
for colour may be applied by determining the optical density of the ‘Solution after barium — i 
sulphate has been removed by filtration through a dry Whatman No. 42 filter-paper. The 
correction is small with a filter transmitting at 490 my. 
| s In the development of the procedure for soils, dissolution in hydrochloric acid and then 
_ precipitation of sesquioxides with ammonia led to variable results, partly owing to the effect seek 
_ of chloride ion and partly to absorption of su sulphate by the precipitate. Results were un- 
“satisfactory when the — residue was leached with either hydrochloric or nitric acid, 


_ An ashing temperature of 450° C is suitable for both plants and organic soils. Lower 
temperatures, i.c., down to 300°C, can be used for mineral soils and graminaceous plants. 

_ The number of samples that can be dealt with in 1 day depends on the sizes of the oven re 
and muffle furnace, but not more than (at a rate of 
per minute) should be made at one time. 


Little, R.C., J. Sci. Food Agric., 1953, 4,336; 1957,8,271, 


MacIntire, W. H., J. Ass. Off. Agric. Chem., 1922, 5, 405. 4 gr 
Swanson, C. and Latshaw, W. L., Soil Sci., 1922, 14, 421. 


: Ch L., Y H., P a A 1950, 15, 14 


The Semi-micro ‘Determination of F and Chlorine 
The Decomposition « of Fluoro and Chloroftuoro Compounds by y the 
Diphenyl- - Sodium - Dimethoxyethane Complex 
a P. >, JOHNCOCK, Ww. K. R. MUSGRAVE AND A. 
= ae (Department of Chemistry, The University, South Road, D ) 
= See Stable fluoro and chlorofluoro compounds can be quantitatively decom- | 
posed by the diphenyl - sodium - dimethoxyethane complex. The sodium 
ae salts are extracted with water, and the chloride and fluoride bah determined = wae: 
FoR some time it has been evident that the quantitative “decomposition of some organic — 
fluorine-containing compounds, such as benzotrifluoride and its derivatives and chlorofluoro- _ 
_cyclohexanes, cannot always be performed with success by the accepted technique of fusion 
sodium or at 500° to 700° C. _ Results are often low for 


at the Meter temperature, the nickel becomes soft a the hey surfaces need to be faced. 
after each determination in order to remove traces of copper, which sometimes produce — 


: channels through which leaks can occur. The use of even higher fusion temperatures!:* 
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JOHNCocK, MUSGRAVE | AND wire SEMI- MICRO DETERMI ATION 


, accentuates, in our opinion, these mechanical difficulties, and, although fusion may more> 


often be complete, failures from these other causes are more frequent. ih i 
_ An alternative method of decomposition, which has been extensively used for organic 
_ halogen compounds other than those containing fluorine, involves the use of ether - sodium £ 3 
aromatic hydrocarbon of which the most effective appear to be the naphtha- 
lene - sodium - dimethoxyethane and the ‘diphenyl - - sodium - - dimethoxyethane complexes. 
Other aromatic compounds, such as anthracene and | benzophenone,* and other ethers, such 
as dimethyl ether, diethyl ether, tetrahydrofuran, dioxan and ethylene glycol diethyl ether,3.4.> 
have been tried and rejected because the complex is less reactive, contains less sodium or 
_ does not keep for a sufficient length of time. Ma’ has stated that the decomposition - 
fluorine-containing compounds by the diphenyl - sodium - dimethoxyethane complex 


oa _ The proposed method is exactly the same in principle as the sodium - liquid ammonia 

_ method for the decomposition of organic fluorine compounds,®»!© which has been rejected 
owing to the low solvent power of liquid ammonia. . It therefore seemed worth investigating, 

_ despite earlier statements*»® that some fluorine-containing compounds do not react, and it 
was found (see Table I) that reproducible quantitative results were easily obtained for 
all the compounds tested, provided that they were soluble in ditsopropyl ether. As the neces- 

sary solubility is only of the order of 0-1 per cent., this requirement has only been of importance 

in the analysis of highly fluorinated polymers, which are so insoluble that they cannot be 
analysed in this way and must be decomposed by the fusion method. When polytetra- 
fluoroethylene was heated under reflux in ditsopropyl ether, the decomposition when a large 
excess of diphenyl - sodium - dimethoxyethane reagent was added was less than 10 per cent. 
tee: The procedure for decomposition was almost the same as that used by Liggett,5 except 
that diisopropyl ether was used as the solvent for the organic compound. Toluene, benzene, 
s _ and benzene - diethyl ether mixtures were tried, but were rejected because emulsions were § 
formed during the extraction of the sodium salts with water. Diethyl ether was rejected r 


because the heat evolved during decomposition of the excess of reagent caused losses in — 
ether spray when the pressure in the separating funnel was released. The sodium salts 
were extracted with water instead of nitric acid and the determination was completed by > 

_ a modification of the procedure described by Banks, Cuthbertson and Musgrave," an aliquot 
the extract being through a cation- resin, the total acid by 


benzotrifluoride 
drodecafluorocyclohexane. . hi 
rihydrononafluorocyclohexane 


methy Iphenylbromopalladium uP 2PdBrF, 100 £99 
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UORINE AND CHLORINE IN ORGANIC COMPOUNDS. PART III a 
It is most important to use a concentrated solution of the complex (1 to 1-5 M in sodium) — c 
a the decomposition and to store it, as described by Liggett, in small sealed bottles in a — 
a refrigerator. We have found: that, after several portions have been taken from a bottle | 
and it has been kept for a short time at room temperature, it becomes much less efficient. __ 
- When fresh and concentrated, it remains green when added to the dissopropyl ether solution _ 
_ and heat is developed immediately, but, after it has been kept, addition to the a aon 
_ ether gives a brown colour (which changes to green) and the heat of reaction dev elops much 
i more slowly, sometimes about 2 minutes being required. When this happens, it is — a 
FH to start again with fresh reagent, as decomposition may be incomplete. __ 
E a The conversion of sodium salts to acids by passing the solution np tp a column of 


reduced to the minimum 1 necessary to convert each aiguot and fresh resin being used 


a ‘aa some organic solv ents, which contaminate the resin so that it cannot be cnneiy a 
_ regenerated. Results were good after the | resin bia ne regenerated once, but subsequent 


wri 


Add an an amount the organic « compound to about. 8 mg of total 


to 20 ml of diisopropyl ether in a 100-ml separating funnel fitted with a well ground tap. 
_ Weigh the compound in a small gelatin capsule, the lid of which can be separated from the 
base as the two are dropped into the ether. W hen the compound has dissolved, add 10 ml : 
“of a 1 to 15M solution of the diphenyl - sodium - dimethoxyethane complex, prepared < ae 
described by Liggett,> and set aside for 10 minutes with occasional swirling. The reaction 
e should become warm immediately ; and remain green. Shake with about 20 ml of | 
"water, and run the‘lower aqueous layer into a 100-ml calibrated flask. Wash the stem of the — 
“separating funnel carefully, and repeat the extraction three times. Dilute to the mark, and, _ 
by pipette, place a 25-ml aliquot of the solution on about 5g of Amberlite IR-120(H) in a 
_ glass column 8 mm in diameter shaped as previously described." Elute with 70 ml of boiled — 
‘distilled water over a period of 10 minutes, heat the effluent to boiling, and cool immediately. 
| Titrate the whole effluent with 0-02 N sodium hydroxide (use 7 . screened with either 
bromocresol green or methylene blue as 
more than one halogen is present, proceed as described by and 
Carry out. a blank ‘determination on the ¢ complex solution second 
We thank Professor G. E. Coates for discussions on the reactions of alkali metal - ian 
} carbon complexes, and the Imperial Smelting ee? Ltd., Avonmouth, for = samples he 
of some of the com analysed. 
L _ Savchenko, A. Y., Zhur. Anal. Khim, 1955, 10, 355. 
Korshun, M. O., Klimova, V. A., and ‘Chumachenko, M. N., 
3 - Benton, F. L., and Hamill, W. H., Anal. Chem., 1948, 20,269. 
4. Pecherer, B., Gambrill, C. M., and Wilcox, G. W., Ibid., 1950, 22, all mp 
_ Sezerat, A., and Laniece, M., Ann. Pharm. Frang., 1955, 13, Lea pe 
T. S., Anal. Chem., 1958, 30,1557. 
Benett, C. E., and Debbrecht, E. J., Communication to the. Meeting of the 
H., and Nieuwland, J. A., Ind. Eng. Chem., Anal. Ed., 1931, 3, 274, 
, Hunt, H., and McBee, 
., Cuthbertson, F., and Musgrave, K Anal. Chim. ‘Ada, +1955, 13, 442, 
= endian 11 is to Part II of this serie Me 
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VIE UNI 
Buffer Solution for Use in 


| British Drug Houses Ltd., Graham Street, London, N 


Replacement of the barbitone ‘component of Britton and Re 


universal buffer mixture by trishydroxymethylaminomethane allows this 
ba Lt buffer to be used for pH control in ultra-violet spectrophotometry. A pH - <a 
: ber dig _ composition Table for the use of this buffer at 25° and 37°C is given for Mes 


Tonic strength, dilution and buffer capacity results for these solutions 


i essential requirement .of any buffering qedium for use in ultra-violet absorptiometry 
is that it should not adversely affect the useful range of transparency of the pure solvent. 
This condition precludes the use of such highly light-absorbent buffer components as phenyl 
acetic and diethylbarbituric a acids, the spectra of which exhibit strong absorption | bands 
_ (¢ > 100 litres per mole per cm) in this region.* The buffer solutions of Prideaux and — 
a Ward? and of Britton and Robinson‘ therefore require maiiitoetion before they can be used © 
The ultra-violet spectra of aqueous solutions of 
~ _ (2-amino-2- -hydroxymethylpropane-1 :3-diol) possess high uniform transmittance, and this 
base was found to be a suitable substitute for the barbitone of Britton and Robinson’s buffer 
' mixture. Trishydroxymethylaminomethane is a a stable solid, which is readily soluble in 


water and crystallises from aqueous ethanol in the form of long needles; these contain no 

solvent | of crystallisation and melt between 169- 5° and 171-5° C. “The buffer action of the 

Tas _ base was first studied by Gomori,5 who obtained a value for pKp of 5-76 at 23°C. Bates and 
= _ Pinching® have reported a value for pK» of 5-92 at 25°C. Bates and Bower? have used > 
a trishydroxymethylaminomethane in the preparation of a standard one- component buffer f 
~ solution covering the pH range 7 to 9, the solution forming one of several intended for 1 for use 
A suitably modified formulation of Britton ; and Robinson’s = mixture for use over 
4 the pH range 2 to 12 is described in this paper. — A 10-mm path length of this buffer solution : 
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Fie. land2 eno 


Sow 


= 


J 


4 epecten relative 
to air of the universal buffer solution 

on of dilution value, various pH values measured in 

ApH; “and _buffer B, of the universal cuvettes of 10-mm path length: curve 
f oo pH 2-97; curve B, pH 5- 70; carve sion 
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; | meters working at their normal sensitivities. The Van Slyke buffer capacities, 6,° I 
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PREPARATION OF REAGENTS— 


lised ane water, dried in air and stored over a solution aed with respect to both sucrose 
and sodium chloride. Carbonate-free solutions of 0-1 and 0-4 N sodium hydroxide were ~ 
ma by spinning (1 + 1) suspensions of water and pellets in a centrifuge and making — 


the necessary dilutions from the clear mptees yl _ These solutions were standardised — 
by titration against ( 


__ Citric acid and potassium tetroxalate were used without further purification. Potassium 7 

chloride, potassium dihydrogen orthophosphate and “anhydrous” disodium hydrogen ortho 
"phosphate were dried in an oven, the first two at 115° to 120° C and the last at 180° to 185°C. | 
_ Potassium hydrogen phthalate was recrystallised from water and dried at 115° to 120°C. a 
For measurements at 25° C, solutions and standards were prepared at laboratory tem- 


_ perature and equilibrated in a thermostatically controlled water bath for 30 minutes before 
use. 


Bas All pH determinations were carried out on solutions contained i in a water-jacketed cell 


bac? of the sample was shown ty acid titration to be not less than 99-7 per cent. ae 


electrode and he  conlie liquid junction ‘of a saturated ‘potassium ‘chloride - calomel - 
mercury reference electrode. Stirring and exclusion of carbon dioxide were effected by a _ 

_ Stream of nitrogen. A Pye direct- -reading pH meter was used, the output from which was fed _ 

through a precision 2000-ohm resistor placed in parallel with a Tinsley model es 


The scale was that the 2 United States National Bureau of 
_ Standards. The pH assembly was standardised by means of the solutions shown in TableI. > 
| Values at 37° C were obtained by interpolating results for these solutions at 35° and 40° C. 7 ; 
—T hese solutions are included in Tables of National Bureau of Standards buffer mixtures 
_ presented by Bates in chapter 4 of his monograph,” pp. 74 and 87. This chapter also contains — 
: a useful account of the original standardisation procedures with full references. Batesand 
Bower’ have reported a liquid-junction error between pH 9 and 13 and have made allowance 
for this by assuming a linear relationship between error and pH in this region. This effect, or 
~ which i is caused by the presence in the liquid junction of a high concentration of extremely _ 
7 mobile hydroxyl ion, is additive to any residual non-linearity in the response of the lithia-— 
- glass membrane in alkaline solutions, an effect known to be small. A similar junction effect all 
can, of course, be predicted for the region pH 2 to 4, but the magnitude o of ee was such ull i" 
that it was not detectable during the standardisation x" 


Potassium phthalate, 0. 05 ol bt 


A solution 0-025 M in both disodium m hydrogen orthophosphate ar and 


a The variation in approximate ionic strength of the buffer solution throughout the pH ae a 
- F range was calculated from Bates and Pinching’s value for pK» at 25°C and from the pK, ees) 
ple of trishydroxymethylaminomethane, the materials _ 
were of analytical-reagent grade. All solutions were prepared with distilled water 4 
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AVIES A UNIVERSAL ‘BUFFER UTION FoR 


3 wey 
CHARACTERISTICS OF THE FINAL BUFFER SOLUTIONS 


7 hy drochloric acid sodium hydroxide  pHoffinal of final 
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optical of t the buffer solutions, relative to air, were 


silica cuvettes over the range 225 to 400 mp with a Unicam SP500 spectrophotometer. | 
Asolution containing the following amounts of buffer per litre v was s prepared— 
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“‘Electrometric pH Determinations 


amount of 0-4 N hydrochloric acid or 0-4 N sodium hydroxide was added and the solution — 
was diluted to the mark with carbon dioxide-free distilled water. Table II shows the 
characteristics of the final buffer solutions prepared in this way. oar 


___ I thank Dr. V. Petrow for his kind interest, and t the ] Directors 0 of The British ‘Drug F Houses 
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_ MODIFICATIONS TO A METHOD FOR T THE DETERMINATION OF CHLORINATED JAY 


HYDROCARBON PESTICIDE RESIDUES IN PLANT MATERIAL 
A RECENT paper! from this. laboratory describes ‘the use of a modified : semi-micro Stepanow © tie 


_ procedure and then’ a mercuric oxycyanide titration of chloride for the determination of total B. = 
_ organic chlorine in residues of chlorinated hydrocarbon pesticides. A colorimetric finish by the | 


mercuric thiocyanate method?.*.4 has been examined and found to be simpler and more rapid 


= the original procedure without loss of precision. = ~~ 
_ Tetrahydrofuran, the solvent previously specified for the modified Stepanow reaction can, : 
the colorimetric finish, be advantageously replaced by n-butylamine, which is more easily 

_ ~purifi ed and strongly favours the formation of sodium naphthalene on w hich the reaction is based. 

_ The end-point of the reaction indicated by the intense colour of this compound is, with n-butyl- 
amine, usually apparent a few seconds after boiling begins, and a minimum boiling time of 1 minute — Pec 
after the appearance of the colour is recommended, as this was found to be sufficient to ensure ES 


complete dechlorination of such relatively stable compounds as DDT, benzene hexachloride, — 
_aldrin and dieldrin. It is necessary to remove most of the n-butylamine before the colorimetric 
‘Stage of the determination, as it would otherwise cause a significant reduction in colour intensity ty. ee 


a In addition to naphthalene, sodium and isopropyl alcohol, diluted (1 oe 1), as specified 
hal _ Ammonium ferric sulphate reagent solution—Prepare an aqueous solution containing 12g of 
analytical-reagent grade ammonium ferric sulphate and 40 ml of  analytical- reagent grade nitric a 
acid per 100ml. Filter the solution if necessary. 
 Mercuric thiocyanate solution—Recrystallise mercuric thiocyanate from ethanol, and dissolve 
0-4 g of the purified material in 100 ml of 95 per cent. ethanol. Sy) 
4 a Butylamine—To purify this reagent, heat a 50-ml portion under reflux with 2 g g of naphtha- “an 
lene and 2 g of sodium cut into small pieces. _ When the liquid becomes dark red, transfer the fie = 

4 


_ to a water bath, and distil and collect the m-butylamine. | ak 
Nitric acid, diluted (1 + 2)—Prepare from analytical-r ent grade acid. 
Carry out the modified Stepanow procedure as described,! but use approximately 
01 of 0-26 g of naphthalene and 1-5 of n- —— in the 
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Allow the reaction to proceed until the boiling liquid becomes dark red, and t then heat for a further | 


1 minute. Remove the excess of sodium as before by careful addition of 2 ml of isopropyl alcohol | 
Fy Lie R diluted (1 + 1), discontinue heating, detach the condenser, and transfer the flask to a steam-bath. i 
_ (The neck of the flask should be steeply inclined to facilitate the escape of n- -butylamine vapour.) : 

When, after at least 30 minutes, most of t the n- -butylamine has been’ evaporated, remove and cool 

_ the flask, add a few millitres of water and then p-nitrophenol indicator and sufficient diluted 


nitric acid (1 + 2) to render the liquid acid. _ ae the liquid to a separating funnel, and shake § 


beaker, wash the ether nee successively with 10 and 5 ml of water, and add the washings to 
_ the beaker. Cover the beaker, introduce a narrow strip of polytetrafluoroethylene sheet or other 
device to prevent bumping, and heat to remove ether and reduce the volume to about 25 ml. 
nie 4 Cool, transfer the liquid to a 50-ml stoppered and graduated cylinder, rinse the beaker with distilled 

water, and add the rinsings to the solution in the cylinder. Accurately note the volume, mix the — 
- solution, and if necessary, filter it through a sintered-glass filter or a filter-paper that has been 
_ previously washed free from chloride with distilled water and then dried. Check the optical density 
; of the solution at 460 my, transfer not moré than 20 ml to a 25-ml s stoppered and graduated cy!- 
on inder, accurately note the volume, and add 2 ml of ammonium ferric sulphate reagent solution 
and then 3 ml of mercuric thiocyanate solution. Make up the volume to 25 ml, and thoroughly 
mix. After 10 minutes, measure the optical density of the solution at 460 my in a cell of such a 
length that the reading is within the range covered by one of the calibration curves. Make 

an allowance, if necessary, for the optical density of the original solution, and deduct the a | 


‘For the lower range, prepare a chloride solution | containing 10 pg of 
chloride per ml. ‘By pipette, place portions of contain up to 150 pg of 


graph of optical density, less that of distilled water plus the solutions, micro- 
E grams of chloride present. For the higher range, proceed in a similar manner, but use a standard 
potassium chloride solution containing 100 yg of chloride per ml and measure the optical densities 
in 1-cm cells for amounts of chloride up to 1000 yg. The relationship between optical density and - 
chloride concentration is not linear, although it i: it is approximately so so when the amount of chloride 


present does not exceed 100 wg. guiluxt tothe wer 

Organic chlorine determinations were carried out by the proposed method on known es 
of chlorinated hydrocarbon pesticides, which were introduced into the reaction flask by careful 

_ evaporation with an air current of portions of standard solutions in the presence of 2 drops of liquid 
ce -~3 The results, corrected for a reagent blank value of 7 He of chlorine, are shown in § 


avennrnwe OF CHLORINATED HYDROCARBON PESTICIDES BY THE PROPOSED METHOD ~~ 
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THE EQUIVALENT WEIGHTS OF WETTING AGENTS 


In the examination of | wetting- -agent an part of the 

_ is the isolation of the active principle and the determination of its equivalent weight. Since most 

_ such materials consist of monosodium salts of anionic wetting agents, the usual procedure is to — 
} convert a known weight of the material to sodium sulphate by ashing with sulphuric acid.* | This: = 
procedure, as is well known, is subject to difficulties and is time-consuming. Anhydrous sodium - 
sulphate tends to “‘creep’”’ in platinum; it must be weighed rapidly because of its cmon 
‘The ashing must be repeated with ammonium carbonate because of pyrosulphate formation.? 
‘There is no general procedure for determining the equivalent weight of cationic wetting agents. _ 
Suitable possibilities are the Se ee of nitrogen by Kjeldahl’s method or of halogen | n by —_ 
om This work _ shows that both classes of wetting agent ca can be m 


= Ina 2- -cm glass fitted with a raised tube om mm and 
tap,‘ prepare a bed of standard-grade Zeo-Karb 225, — 16 to +50 mesh, ona small pad of glass-wool © 
(a bed 14 to 15 cm deep i is convenient). Convert the resin to the form by passi.. 140 ml 


tilled water. Pass a further 50 ml of distilled water through the resin bed, ‘and collect this 
"separately. _ Add to it 2 drops of methyl red indicator solution and then 1 drop of 0-1 N sodium 
§ hydroxide. 4 The indicator should turn clear yellow; if it does not, test further 50-ml washings 
in this way until it does. _ Warm the column by passing 100 ml of water at 60° C through it, and 
§ then place a clean 500-ml conical flask under the column. Place 50 ml of a warm aqueous solution 
| containing a known amount of the wetting agent (0-5 g is normally suitable) on the column, and 
| maintain the flow rate at 15 ml per minute. Wash with warm water until a total of 200 ml has — 
| been collected. Titrate with 0-1 N sodium hydroxide and methyl red as indicator. . Use 50 ml 
“of water in place of the sample solution to determine the blank value of the resin n bed. AD te: 


Sit 


ar - Table L some results by the proposed d method are compared with those by other methods. 
With the exception of cetyltrimethylammonium _ bromide, _ which was synthesised here, the © 
agents were commercial samples. j= 

/ In alll instances, the proposed method was more rapid than that with which it is compared. . 

§ The only serious discrepancy is for Teepol 530. This is because Teepol of this type contains a — 
* ‘Proportion of potassium salts. For cetylpyridinium bromide, the difference from the theoretical ‘ 
_ value is presumably due to the use of a crude sample of cetyl bromide when the quaternary salt — 

prepared. The average difference (exctading Teepol 530) between results by the 
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Taste 
Comparison oF RESULTS B ‘THE PROPOSED AND OTHER METHODS 


eis Each result by the , proposed method is the. average of at least ‘two determinations 5 


Dicetyl sodium sulphosuccinate .. 444-6 vf 442-9 445-0 Drug 
Diamyl sodium sulphosuccinate .. 360-4 360-0 359-2 of includ 
Dihexyl sodium sulphosuccinate .. 388-5 391- 389-8 Ashing with value 
ste 337-3 294- | acid 
4-tert.- ammonium n sulphonate 317- 308-2 3135 — dealin 
Sodium tetradecan-2-sulphate .. .. . 316-4 2 3154 hen creat 
The wetting agent contained a range of compounds different chain before 


ae. ag We thank J. A. Townsley and Mrs. J. D. Haynes for assistance with the experimental work, for U 
d the Directors of Ilford Limited for permission to publish this Note. = 
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: Edition, Longmans, Green & Co. Ltd., London, 1951, p. 482,00 
H., “Systematic Organic Analysis,’ Edward Arnold & London, 
4. Djurfeldt, R., and Samuelson, O., Acta Chem. Scand., 4, 165. 


U.S. FepERAL Foop, DruG Act (JUDICIAL AND ADMINISTRATIVE RECORD)} 
-1957. By Vincent A. KLEINFELD and CHARLES DuNN. Chicago, Illinoisf 


‘The has called to the earlier volumes in this s series, and the 
> work again provides invaluable information as a book of reference for the student of food and drug 

- legislation. Naturally its content is of more practical value to our North American colleaguef i 
than to home readers, yet the book contains much of real interest. - When one considers how rarel} 


our own High Court is called upon to deal with this branch of legislation, it is remarkable to find is of 
Be the record herein of aoa cases from the U.S. courts covers 300 pages. Some of these arg 


re 


ee S % warning the public of the dangers of taking an alleged cancer cure. The Decnmalinloner successfull 


_ defended an action brought against him by the proprietors for so doing. _ This long record of leadin 

_ cases prompts the question whether our legislation must be less stringent than that of the US 
_ our food and drug industry more law abiding or our enforcement less effective. feerny eb one 
Food manufacturers in this country could hardly fail to be interested in the full record 


‘= on A. . general policy a and have been issued, for here man 
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r. This is supp peated 
by the record to date of Washington’s new informal advisory service on the F.D.C. Act about 
subjects of trade interest, to be issued from time to time in the Federal Register. Further informa- 
tion of more general interest is given in relation to definitions and standards for foods, and to such 
gtopics as the official regulations dealing with habit-forming drugs (which can only be sold on > 
prescription) and with ' tolerances for residues of pesticidal chemicals on raw Euroa c 
oe An earlier volume in this series reprinted the whole of the annual reports of the Food an 
Drug Administration from 1906— to 1949. The reports for 1950-1956, covering 175 pages, are 
included in this volume in order to bring the record up to date, and they are certainly of sufficient | 
_ The value of this volume as a work of reference is , greatly e1 enhanced by the inclusion of a . 
full and cumulative index, together with cumulative tables of statutes that cover the four volumes oY ss 
dealing with the administrative record. No doubt the authors are disappointed that the recent _ 4s 
great advance of U.S. food legislation, vis., the ‘‘added chemicals in food” amendment of the ‘" 
_ §Act enacted in September last, could not be included for comment. a This law now demands the Z 
Oe pre-testing of all new chemical food additives by the manufacturer and their approval by the F D.A. < 
before use. But we shall hear more of this in due course. 


: It seems only : a matter of justice to sacord that, although this volume | is an expensive h xur 
Law Institute. "One cannot but record the industry care that have gone 


AUTOMATIC OF IN Process PLANTS. Proceedings of a Conference 
at Swansea, September 23rd to 26th, 1957, by the Society of Instrument Technology. td 
xii + 320. London: : Butterworths Scientific Publications; N New York: 


Press Inc. (1958 50s. ; ; $9.50. Las 


general survey of | gas by R. and H. Wilson, toa a paper on ar 
index determinations by T. A. Lucas; from speculations on the use of X-ray fluorescent analysis 


by E. T. Hall, to details of ss a mass spectrometer as a process-stream analyser by D.S. 
| This wide range of papers ielbieaies the progress made in the field of analytical instrumentation 
pate the past few years. It is obvious that instruments are now very much a part of oe, 
processes and in one instance, that of distillation tests, have been pecapne as suitable for rT in “is 


interest that the chemical industry is taking i in measurement is clearly 


‘papers that the difficulties of piant can be gauged. The Mole 
infra-red gas analysers gives a good account of the types of problems encountered, problems often 
associated not with the instrument, but with such things as safety, choice of site, design of sample — 
| Sees _ The instrument companies themselves are not unaware of the difficulties associated with plant — 
instruments; the paper by R. S. Medlock and H. Wilson contains much information on gas sampling, | 
and that by E. F. Daly on infra-red spectrometers clearly shows how aware the instrument — 4 

Se ari ae “e Finally the universities are also active in the field, and the papers by Dr. R. E. Richard 
sral Fj on nuclear magnetic resonance, Dr. J. Sheridan on microwave spectroscopy and ‘Professor sag 
Fishwick on uncommon techniques are evidence of their interest in instrumentation. 4 ha 
ssfull _ This volume then, although it cannot be considered a comprehensive textbook on ibaa Hed 
ing for quality control, is nevertheless a useful survey of the field. It is of particular interest when read me 
in conjunction with the “Proceedings of the Congress on Modern Analytical Chemistry in Industry,” ae 
held at St. Andrews in 1957. The twoconferences taken together provide a comprehensive picture : 
of state of development of analytical instruments. 
the only major error being: the familiar 
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mi p. 12. Th The organisers of the 
conference and the rbot are to be prem on having produced the book in a com- 
paratively short space of time. It should be of interest and value to all chemists, physicists or | 
—— who deal with the development and use of analytical i watrements for quality control, 
INTRODUCTION TO PATHOLOGY. By WRIGHT, DM, F.R.C.P. ‘Third Edition. 


te he Pp. xii + 660. London, New York and Toronto: Longmans, Green & Co. Ltd. 1958. 
This book is. essentially written for medical students to introduce a rational approach to 
rae ¢ clinical problems. In this, it has been a tremendous success, the two earlier editions being ‘ “dest 
sellers.” Although the book cannot be regarded as of direct concern to the analytical chemist, : 
cA” it is certain that those analysts ere with forensic problems will find in it valuable information 


MerHops F FOR PETROLEUM AND ITs Propucts. Eighteenth Edition. Feb- 
‘Tuary, 1959. Pp. 835. London: The Institute of Petroleum. Price 40s 


‘THe Canines oF Daves. By Norman Evers, Ph. D.. F. R.L.C., and DENNIS CaLpw ELL, B.Sc., 
g F.R.LC. Third ‘Edition. Pp. 415. London: Ernest Benn Ltd. 1959. Price 84s. 


HANDBOOK OF CHEMISTRY AND ‘Puysics. Edited by Cartes D. RoBERT ¢. 
‘Weast, Ph.D., and Samuet M. Ph.D. Fortieth Edition. Pp. xxiv + 3456. 
Be Stim Cleveland, Ohio: Chemical Rubber Publishing Co. (Distributor in England: Blackwell 
Scientific F Publications Ltd., Oxford. ) 1958. Price $12.00; 100s, 


SYNTHESES. An Annual Publication of Satisfactory Methods for the of 
at a? Organic Chemicals. Volume 38. Editor-in-Chief: Joun C. SHEEHAN. Pp. viii + 120. New 


a SoLUBILITIES: INORGANIC AND METAL-ORGANIC Compounps. A-Ir. Volume I. By F. 
_ Linxe, Ph.D. Fourth Edition. © Pp. iv + 1487. Princeton, N. J., New York, Toronto and 
London: R. Van N Nostrand | Co. Inc, Price $25. 00; 6d. 


le Sir Isaac Pitman & Sons Ltd. 1958. 45s. 


REPRINTS OF “ “THE INFRA-RED ANALYSIS OF SOLID SUBSTANCES” 


Reprints of the Review Paper, “ The Infra-Red Analysis of Solid Substances,”” by G. Duyckaerts, 

_ published in this issue of The Analyst (pp. 201-— —214), will be available shortly from the Assistant 


aed The saucaagae 4 for Analytical Chemistry, 14 Belgrave Square, London, S.W.1, at 2s. 6d. 


’ 


Chemistry, MUST accompany the these reprints are ‘not obtainable through Trade Agents. 


“Recommended Methods for of Trade E Effluents”: 


y's publication’ 


_“PRoceDuRE,” there is a sentence arha—ar “If if sulphite and thiosulphate are to be determined 

4 retain the precipitate.” The last word should read “filtrate.” This sentence does not occur 
‘A _ in the version that appeared i in The Analyst, 1957, 82, 521 and as separate Reprint No. 10. 


or “water-soluble” vead “ ‘water- insoluble.” 


| _ing the scientific principles upon which his subject depends. = 
| 
q 
4% 
ay 
 __In the method for determining sulphide on p. 120 of the Societ 
} 
Ag 
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ta 
MARCH (1959) ISSUE, p. 185, 6th line. a 


